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THE KING. 



SIRE, 



A= 



lS a Sea Officer addreffing Your Ma- 
jesty on a profeffional fubjed, I might 
juftly be accufed of fingular ingratitude, 
did I not avail myfelf of this opportunity 
of reminding the World, that the Voyage 

to 
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to explore how far Navigation was pradi- 
cable towards the North Pole was under- 
taken at a Period peculiarly diflinguifhed 
by Your Majesty's gracious Attention to 
Your Navy, 

In a Time of profound Peace Your Ma- 
jESTY, by a liberal Addition to the Half 
Fay of the Captains, relieved the Neceifities 
of many, and gratified the Ambition of 
all^ at once demonftrating Your Majesty's 
Regard to their Welfare, and the Remem- 
brance of their Services, 

The Armatnertt inrhlch IbWowed ana few 
Morrthis, and Your Majesty « Review ^oif 
that Ar-mament, which, by the Di%t*cU 
of its Bcjuipment, had pr&f^UfkcA a War, 
afforded to Your Navy the aw^ft fi«t*eri«g 

and 
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and diftingmilied Mark of Royal Pavoufs 
afld to Year MAjESxr an additional Proof 
of that Alacrity for Your Service, which 
had fo recently received both its Reward 
and Encouragement from Your Majesty's 
Protc£lion. 

Permit me, Sirs^ to add, that Your 
Majesty's gracious Approbation of my 
Endeavours, and the Permiffion I have 
been honoured with, of infcribing the 
following Account of them to Your Ma- 
jest y, are ftrong Proofs of that Indul* 
gence with which Your Majesty receives 
every Attempt to promote Your Service. 
' An Indulgence, which, at the fame 
Time that it cannot fail of animating 
the Zeal of others more worthy of Your 

Majesty/s 
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Majesty's Notice, has added to the moft 
devoted Attachment, the warmeft Grati- 
tude of, 



Sire, 

Your Majesty's moft dutiful 

Subjed and Servant, 



CONSTANTINE JOHN PHIPPS. 
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INTRODUCTION. 



Tti E idea of a pai&ge tp tbo Eaft Indies by 
the North PoU wa3 fijgg^ftcd as early as the 
year 1527, by Robert Thorpe, merchant, of Biv 
JW, aa appears from two papers preferved by 
Hackluit; the one addr^fled to king Henry Villi 
the other to Dr. • Ley, the king's ambaflador to 
Charles V. In that addrefled to the king he fays, 
** I know it to be my bounden duty to manifeft 
** this fecret ta your Grace, which hitherto, I fup- 
** pofe, has been hid." This fecret appears to 
be the honour and advantage which would be 
derived from the difcovery of a paflage by the 
North Pole, He reprefents in the ftrongeft terms 
the glory which the kings of Spain and Portugal 
had obtained by their difcoveries Ealt and WeA^ 
and exhorts the king to emulate their fame by un- 
dertaking difcoveries towards the North. He 
dates in a very maflerly ftyle the reputation that 
muft attend the attempt, and the great benefits, 
fliould it be crowned witl^ iuceeft, likely to aocnie 
B to 
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to the fubjeds of this country, from their advan* 
tageous fituation ; which, he obfcrves, fcems to 
make the exploring this, the onJy hitherto undit 
covered part, the Ming's peculiar duty. 

To remove any objeftion to the undertaking 
which might be drawn from the fuppofed danger, 
he iirfii^ upon " tlie great advantages of conftant 
•* day-llght in feas, that, men fay, without great 
*' danger, difficuhy, and peril, yea, rather, it is im* 
•^poffible.to pafs; for they being paft this little 
"way which they named fo dangerous (which may 
** be two or three leagues before they come to the 
^ Pole, and as much more after they pafs the Pole), 
** it is clear from thenceforth the feas and lands 
** are as temperate as in thefe parts.'* 



In the paper addrcOed to Dr. Ley he enters more 
.minutely into the advantages and pradlicability of 
die undertaking. Amongft many other arguments 
to prove the value of the difcovery, he urges, that 
by filing northward and pafling the Pole, the na- 
vigation from England to the Spice Iflands would 
be fliorter, by more than two thbufand leagues, 
than either from Spain by the Straits of Magellan, 
or Portugal by the Cape of Good Hope; and to 
fliew the likelihood of fuccefs in the enterprize he 
fays, it is as probable that the. cofmographers 
(hould be miftaken in the opinioii they entertain 
of the polar regions being impaffable from extreme 

cold, 
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cold, as, it has been found, they were, in fuppofing 
the countries under the Line to be uninhabitable 
from exceffive heat With all the fpirit of a man 
convinced of the glory to be gained, and the pro* 
bability of fuccefs in the undertaking, he adds,— * 
^^ God knoweth, that though by it I Ihould have 
** no great intercft, yet I have had, and ftill have^ 
^' no little mind of this bufineis : {o that if I had 
*^ faculty to my will, it fliould be the firft thing 
^^ that I would underftand, even to attempt, ^ our 
^^/eas Northward be nwigaHe to the Pde or iw." 
Notwithftanding the many good arguments^ with 
which he fupported his propdition, and the ofier 
of his own fervices, it does not appear thdi he pre- 
vailed fo far as to procure an attempt to be made. 

Borne, in his Rtgiment of thd Sea^ written about 
the year 1577^ mentions this as one of the five 
ways to Cathay, and dwells chiefly on the mild- 
ne& of climate which he imagines muft be found 
near the Pole, from the conftant prefcnce of the 
fun during the fummer. Thdc arguments, how- 
ever, were foon after controverted by Blundeville^ 
in his Treatife on Univerfal Maps. 

In 1578, George Beft, a gentleman Mrho had 

been with Sir Martin Frobifticr in all his voyages 

for the difcovery of the North Weft paflage, wrote 

a very ingenious difcourfe, to prove all parts of the 

world habitable. 

B a No 
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No Vdy^g*, h6\ttvtr, appears 16 havu bctft 
ilnd^taken to explore the circurttpdlat' feas, till 
tht year 1607, When *' H6nry Hudfott was fet 
<• forth, at thfe eh^fge of certairt Worfllipfiil tntt- 
*^ chants of LdndoJH to difcover a pdffagc by the 
*f North Pde to J&pdn and China." He failed 
&<>th Xjh'^rfknA on th^ firft tf May^ in a (hip 
edited thfe Hopewd!, having with him teift itiefi 
St^ k bby. I hdv^ tftkeb great pains to lind his 
original )5(k-M], As well di» thoTe 6f f^me others of 
A« adv^tureffe whd foltewed hina ; but without 
fliGcefe : the only ^tcoimtj have feen is an imper- 
fea abi:idgri()ent in Purebas, by which it is not pof«> 
fible to: lay down hia trac|c 4 from which, howeveri 
I have drawn the following particulars : — He fell 
n with iht land to the Weilward iu latitude 73% 
onithc twcnty-firft of June, which he named Hold- 
With«»HQ^. The l*f!eat.y-fcventh, he fell in with 
Spitflbefgen, and ikiejC with much ice ^ he got to 
eighty degrees twenty-three minutes^ which was 
the Kortlieramoft kuitude he obfervcd in. Giving 
an account of the conclufton of his difcoveries, he 
fays, '' On the fixteenth of Auguft I faw land, by 
*^ reafon of the clearnefs of the weather, Jlretcbing 
f^fur ihH e^bty^two d^reH^ and, by the bowing 
" and (hewing of the iky, much farther ^ which 
." when I firft faw^ I hoped to have had a free fea 
:'^ bejwcen the land and the ice, and meant to have 
" compafled this land by the North ; but now find- 
• - •• ing 
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^^ ing it wa^ impoifible, by me^ps pf the abundance 
^ of ice compalliag us ^boyt by the North, and 
** joining tg the land ; apd feeing Qo^ did blefs ug 
** with ^ wi«d, we returned, bearing up the helm." 
H^ gfterward^ adds : *^ And this I can afTure at 
" this pr^fcnt, that betwem feventy-eight degrees 
** and an half, and eighty-two degrees, by thia 
** way there is no paflag^."— In confequcnce of 
this opinion, he was the next year employed on 
the North Eaft dilbovery- 

In March 1 609, old ftylc, ** A voyage was fc{ 
'* forth by the right worlhipful Sir Thomag Sailth, 
** and the rc& of the Mufcovy Company, to Cherry 
♦^ Ifland, and for a further difcovery to be mads 
** towards the North Pole, for the likelihood pf » 
** trade or a paffagc that way, in the (hip called tbf 
" Amity, of burthen fcventy tun§, in which Jonas 
" Pople was mafter, having fourteen men and pnif 
*♦ boy."— He weighed from Blackwall, March tb« 
firft, ojd ftyle^ and after great fevcrity of weather, 
and rpuch difficulty from the ice, he made the 
Sopth part of Spitfbergen on the 1 6th of May. He 
failed along and founded the coafl, giving names to 
feveraj places^ and making many very accurate ob- 
fervations. On the 26th, being near Fair Foreland^ 
he fent his mate on fliore j-rrand fpeaking of the ac- 
count hP gave at bis return, fays, " Moreover, I 
** was certifiied that aU the ponds and lakc^ >vcre 
" unfrozen, they being fre/h water j which putteth 
B 3 **inc 
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** me in hope of a mild fummer here, after fo (harp 
*^ a beginning as I have had ; and my opinion is 
** fuch, and I alTure myfelf it is fo^ that a paflage 
^^ may be as ibon attained this way by the Pole, as 
** any unknown way whatfoever, by reafon the fun 
** doth give a great heat in this climate, and the 
** ice (I mean that freezeth here) is nothing fo huge 
^* as I have feen in fcvcnty-three degrees/* 

Thefe hopes, however, he was Ibon obliged to 
rdinquilh for that year, having twice attenipted in 
vain to get beyond 79^ 50*. On the 21ft of June^ 
he ftopd to the Southward, to get a loading of filh^, 
and arrived in London the laft of Auguft. He was 
employed the following year (1611) in a fmall 
bark called the Elizabeth, of 50 tuns. The in^ 
ftrudlions for this voyage, which may be found at 
length in Purchas, are excellently drawn up : They 
dire<a him, after having attended the fiflicry for 
Ibme time, to attempt difcoveries to the North 
Pole as long as the feafon will permit ; with a dit 
cretionary claufe, to aft in unforefeen cafes as (hall 
appear to him mpft for the advancement of the 
difcovery, and intereft of his employers. This 
however proved an unfortunate voyage : for having 
ftaid in Crofs Road till the |6th of June, on acr 
count of the bad weather, and great quantity of 
ice, he failed from thence on that day, and fteeredl 
W b N fourteen leagues, where he found a banlf 
pf ice ; he resumed to Crofs-Road ; from whence 

when 
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when he (aUed^ he found the ice to lie clofe to the hind 
about the latitude of 80^, and that it was impof- 
fible to pafs that way ; and the ftrong tides making 
it dangerous to deal with the ice^ he determined to 
ftand along it to the Southward, to try if he could 
find the fea more open that way^ and fo get to the 
Weftward, and proceed on his voyage. He found 
the ice to lie neareft S W and S W b S and rap 
ajong it about an hundred and twenty leagues. He 
had no ground near the ice at 160, 180, or 700 
^thorns: perceiving the ic^ flill to trend to thp 
(buthward^ he determined to return to Spitlbergea 
for the filhery, where he loft his (hip. 

In the year 1614, another voyage was under*- 
taken, in which Baffin and Fotherby were em- 
ployed. With much difficulty, and after repeated 
attempts in vain with the (hip, they got with their 
boats to the firm ice, which joined to Red-Beach; 
they walked over the ice to that place, in hopes of 
finding whale-fins, &c. in which they were di(ap- 
pointcd. Fotherby adds, in his account : *' Thus, 
•* as we could not find what we defired to (ee, (b 
•' did we behold that which we wi(hed had n6t 
** been there to be (een ; which was great abun- 
** dance of ice, that lay clo(c to the (hore, and 
" al(b off at fea as far as we could di(cern.*' On 
the eleventh of Auguft they (ailed from Fair- 
Haven, to try if the ice would let them pafs to the 
Northward, or Northeaftward ; they fteered from 

B 4 Cape 
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€af)e Barren, or Vogtl Sang, NEbE eight 
kagues, where they met with the ice, which Ity 
Eb S and W b N. The fifteenth of Auguft they 
ftw ice ftozta in the ftl of above die thtckneis of 
4Q hatfkrowD. , 

fbtherby was agate fitted out the neict year in a 
pihftacfe of twenty tons, called the Richard, with 
ten men. In this voyage he was prevented by the 
itt from getting farther than in his laft. He refers 
to a chart, in which he Jiad traced the fliip'si 
Oottrfe on every traverfe, to ftiew how fer the ftate 
of that Tea was dilcovered between eighty and 
feventy-one degrees of latitude, and for twenty-fix 
degrees of longitude from Hackluit's headland, 
tie concludes the account of his voyage in the fot-^ 
lowing manner : 

•* Now, if any demand my opinion concerning 

^* faopeof a paiTage to be found in thofe Teas, I 

/ ^^ aniwer ^ that it is true, that I both hoped and 

^ much defired to have pafled further than I did, 

^ hot was hindered with ice ; wherein although I 

^^ have not attained my defire, yet forafmuch as it 

/ "* appears not yet to the contrary, but that there is 

/ ** a fpSiQtous fea betwixt Groinland and king James 

/ ^ his new land [Spiribergen] akhoqgh much pet 

*^ tered with ice ; I will not feem to difwade this 

^* worlhipful company from the yearly adventuring 

^«of 
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<< of 150 or 2Qp pounds tt the mofl, till (bme fur« 
^* dier ditcovery b^ made of the iaid (eas and lands 
^Vadjacent." it appears that the Ruffia company^ 
either fatisfkd with his endeavour^ and defpairing 
of further rucce(s» or tired of the cxpence of the 
undertaking, never employed any more (hips qq 
this jdifeovcry. 

AU thefe voyages having been fitted out by prU 
vate adventurers, for the double purpofe of difixir 
very and prefent advantage i it was natural to fup* 
pofe, diat the attentioa of the navigators had been 
diverted from purfuing the more remote and lefi 
profitable objed of the two^ with all the attention 
that couid have been wi(hed. I am happy, how<^ 
^ver^ in an opportunity of doing Juftice to the rne^ 
mory of tbefe men ; which, without having traced 
their fteps, axxl experienced their difficulties, it 
would have been ixnpoffible to have done. They 
appear to have encountered dangers, which at that 
period muft have been particularly alarming from 
their novelty, • with the greateft fortitude and per- 
fevcrance ; as well as to have (hewn a degree of 
diligence, and (kill, not only in the ordinary and 
prafticai, but more fdcntific parts of their profeC- 
Hon, which might have done honour to modern 
feamcn, with all their advantages rf later improve- 
ments. This, when compared with the accounts 
given of the date of navigation, even within thefe 

forty 
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forty years, by the moft eminent foreign authors, 
aflfbrds the moft flattering and fatisfaftory proof of 
the very early exiftence of that decided fuperiority 
in naVal af&irs, which has carried the power of 
this country to the height it has now attained. 

This great point of geography, perhaps the moft 
important in its confequences to a commercial na- 
tion and maritime power, but the only one which 
had never yet been the objeft of royal attention, 
was lufFered to remain without further invcftiga- 
tion, from the year 1615 ^U '773, when the Earl 
of Sandwich, in confequence of an application which 
1 had been made to him by the Royal Society, laid 

before his Majefty, about the beginning of Febru- 
ary, a propofal for an expedition to try how far 
navigation was pradticable towards the North Pole; 
^ which his Majefty waspleafed to diredl fliould be 

I immediately undertaken, with every encourage- 

/ ment that could countenance fuch an enterprize, 

/ and every affiftance that could contribute to its 

[ fuccefs. 
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As foon as I heard of the defign, I offered my- 
felf, and had the honour of being entrufted with 
the conduft of this undertaking. The nature of 
the voyage requiring particular care in the choice 
and equipment of the (hips, the Racehorfe and 
Carcafe bombs were fixed upon as the ftrongeft, 

and 
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and therefore propercft for the purpofe. The pro- 
bability that fuch an expedition could not be car- 
ried on without meeting with much ice, made 
(bme additional ftrengthening neceflary : they were 
therefore immediately taken into dock, and fitted 
in the moll compleat manner for the fervice. The 
complement for the Racehorfe was fixed at ninety 
men, and the ordinary eflablifhment departed 
from, by appointing an additional number of offi- 
cers, and entering efiedive men inftead of the 
ufual nurqber of boys, 

I wa^allpwed to recommend the officers ^ and wa$ 
very happy to find, during the courfe of the voyage, 
by the great affiftance I received on many occafxonjs 
from their abilities and experience, that I had not 
been miftaken in the characters of thofe upon 
whom (b much depended in the performance qf 
this fervice. Two mailers of Greenlandmcn were 
employed as pilots for each (hip. The Racehorfe 
was alfb furnifhed with the new chain-pumps made 
by Mr. Cole according to Captain Bentinck's im- 
provements, which were found to anfwer perfedl- 
ly well. We alfo made ufe of Dr. Irving*s apparatus 
for diftilljng frefh water from the fea, with the 
greateft fqccefs. Some fmall but ufeful alterations 
were made in the fpecies of provifions ufually fup- 
plied in the n^vy j an additional quantity of fpirits 
was allowed for each fhip, to be iflued at the dijP 
pretion of the commanders, when extraordinary 

fetigue 
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fatigue or feverity of weather might make it expe^ 
dient. A quantity of wine was alfo allotted for the 
life of the fick. Additional clothing, adapted to 
that rigor of climate, which from the relations of 
former navigators we were taught to eicpe^« was 
ordered to be put on board, to be given to the 
feamen when we arrived in the high latitudes. It 
was forefeen that one or both of the (hips might 
be facrificcd in the profecution of this undertak- 
ing ; the boats for each (hip were therefore calcu- 
lated, in number and fize, to be lit, on any emer- 
gency, to tranfport the whole crew. In (hort, eve- 
ry thing which cottld tend to promote the fuccefe 
of the undertaking, or contribute to the fecurity, 
liealth, and convenience of the (hips* companies^ 
was granted. 

The Board of Longitude agreed with Mr.Ifirael 
Lyons 'to embark in this voyage^ to make aftrono^ 
mical obfervations. His reputation for mathema- 
tical knowledge was too well eftabliflied to receive 
any addition from the few opportunities which a 
voyage in fuch unfavourable climates could afford. 
The fame Board fupplied him with fuch i^ftrii*- 
raents as they imagined might be ufeful for making 
obfervations and es^riments. The Royal So- 
ciety favoured me with fuch information as they 
judged might fcrve to dired my enquiries, when- 
ever the circumftances of the voyage fliould aflfbrd 
me leifure and opportunity for making obfervations. 

Befides 
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Befides thefe kaiaed bodies, I was oUiged to many 
individuals for hinut amongft whom it is with 
^leafure I mention MoafieurD'Alembert, who com- 
municated to me a {faort paper, which, from the 
concifenefs and elegance with which it was drawn 
up, 86 weft as from the number of interefUng ob* 
je&M that it recommended to my attention, woidd 
have done honour to any perfoti whofe reputation 
was not already eftabliflied upon Co folid a foundar 
tion at that leirned philoi^her's. To Mr. Banks 
I was indebted for rery ftdl inftrudioas in the 
branch of natural hlftory, as I have fince been for 
his affiftance in drawing up the account of the pn> 
duftions of that country-, which I acknowledge 
Xfitb particular fatisfedion, as inftances of a very 
long friendlhip which I am happy ta an opportu* 
luty of mentioning. 

As a voyage of this kind would probably afford 
ratoy opportunities of making experiments and ob- 
fcrvations in matters relative to navigation, I took 
care to provide myfelf with all the bcft inftruments 
hitherto in ufe, afr well as others which bad been 
iniperfeaiy, or never, tried. 

The lengdiof the Second Pendulum in fo high 
ft ktit«d€ as I was likely to reach, appearing to me 
an experiment too interefting to be ncgledted, I 
de&red Mr. Gumming to make me fuch an inftru- 
ment as he thought would beft anfwer the purpofc. 

That 
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That modefty and candour v/hich always attend, 
real merit, induced him to lend me the identical 
pendulum with which Mr. Graham had made his 
experiments, r&ther than furnifli me with one of 
his own conftrudion j but the judgment as well as 
ikill with which the apparatus joined to it was con- 
trived and executed, notwithftanding the (hortnefs 
of the time, will, I am fure, do him credit* 

The Board of Longitude fetit two w^tch ma- 
chines for keeping the longitude by difference of 
time; one conftru£ted by Mr. Kendal, on Mr. 
Harri(bn's principles ; the oAer by Mr. Arnold. 
I had alfo a pocket watch conftrudted by Mr. Ar* 
Dold, by which I kept the longitude to a degree of 
exaditude much beyond what I could have ex- 
pedted ; the watch having varied from its. rate of 
going only 2' 40" in 128 days. 

In the Journal which follows, I mean to confine 
myfelf to the occurrences of the voyage as they 
fucceeded in order of time ; which, for the con- 
venience of the generality of readers, 1 have re- 
duced from the nautical to the civil computation: 
to this I fhall add, by way of Appendix, an ac- 
count of all the experiments and obfcrvations un- 
der their refpedtive heads, that thofe who intereft 
tfaemfelves in any particular branch, may find 
whatever they want, unmixed with foreign mat- 
ters; while thofe who may wifli only to trace the 

whole 
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whole progre&of the voyage, as well as thofe who 
may be fatisfied with the general refults of the ex- 
periments, will find the account unincumbered 
with that detail which I wifh to fubmit to others, 
who may chufe to examine more minutely, and 
compare the fa£ts with the conclufions. 

A voyage of a few months to an uninhabited ex* 
tremity of the world, the great object of which 
was to afcertain a very interefting point in geogra- 
phy, cannot be fuppofed to af!brd much matter for 
the gratification of mere curiofity. The experi- 
ments and obiervations may poflibly from their 
novelty, and the peculiar circumftances of the cli- 
mate in which they were made, af&rd ibme en- 
tertainment to philo(bph^rs ; and might perhaps 
have been more numerous and (atisfadory, if the 
purfuit of the great objeft of the voyage had not 
rendered them, however interefting in thcmfelvcs, 
but a fecondary confideration. 



0^^mumiwmtmmmmmr\)tiKemmimmmoommBHlf^tk 



JOURNAL. 



^t^^i mmmmmmmmm 'j ^ iiiiiiiii k i mm mmw ^ j ^ i^ 



[ 19 ] [May. 



JOURNAL. 



APRIL 19th, 1773, I received mycommif- 
fion for the Racehorfe, with an order to 
get her fitted with the greateft difpatch for a 
voyage of difcovery towards the North Pole, and 
JO proceed to the Nore for further orders. 

23d. The fhip was hauled out of dock. 

May 2 1 ft. The (hip being manned and rigged, 
and having got in all the provifions and ftores, ex- 
cept the Gunner's, we fell down to Galleons. 

22d. We received on board the powder, with 
eight fix-pounders, and all the gunner's ftore^. 
Lord Sandwich gave us the laft mark of the oblig- 
ing attention he had (hewn during the whole pro- 
gre(sof the equipment, by coming on board to fa- 
tisfy himfelf, before our departure, that the whole 
had been compleated to the wilh of thofewho 
were embarked in the expedition. The Eafterly 
C z winds 
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winds prevented our going down the river till the 
26th, when I received my inftrudlions for the 
voyage, dated the 25th ; direding me to fall down 
to. the Nore in the Race-horfe, and there taking 
under my command the Carcals, to make the beft 
of my way to the Northward, and proceed up to 
the North Pole, ot as far towards it as poffible, 
and as nearly upon a meridian as the ice or other 
obftrudions might admit ; and, during the courfe 
of the voyage, to make fuch obfervations of every 
kind as might be ufeful to navigation, or tend to 
the promotion of natural knowledge : in cafe of 
arriving at the Pole, and even finding free navigar 
tion on the oppofite meridian, not to proceed any 
farther ; and at all events to fccure my return to 
the Nore before the winter fliould fet in. There 
was alfo a claufe authorizing me to proceed, in un- 
forefeca cafes, according to my own difcretion; and 
another claufe direfting me to profccutc the voyage 
on board the Carcafs, in cafe the Racehorfe fliould 
be loft or difabled. 

27th. I anchored at the Nore, and was joined 
by Captain Lutwidge, in the Carcafs, on the soth : 
her equipment was to have been in all reipedts the 
fame as that of the Racehorfe, but when fitted. 
Captain Lutwidge finding her too deep in the wa- 
ter to proceed to fea with lafety, obtained leave of 
the Admiralty to put fix more guns on fliore, to 
reduce the complement to eighty men, and return 

a quantity 
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a quantity of provifions proportionable to that rc- 
dudlion. The officers were rccommenckd by Cap- 
tain Lutwidge, and did Juftrce to his penetracioa 
by their condudt in the courfe of the voyage. Dur- 
ing our ftay here, Mr. Lyons landed widi the aP 
tronomlcal quadrant at Sheerne(s fort, and found 
the blitude to be 51 • 31' 30", longitude o« 30* 
£afl:. The £afterly winds prevented oiir moving 
tliis day and the folbwing. 

June 2d, Having the wind to the Weftward of 
North, at five in the inormng I made tte fighal to 
wdgh ; but in l0(s than half an bour« the wind 
Shifting to the Eaftward and blowing frefh, I furled 
the tc^fails. The wind came in the afternnon to 
NbEj we weighed, but did not get far, the 
cide<^ flood making i^inft us. 

3d. The wind blowing frcfli all day Eafterly, 
we did not move. 

4th. The wind coming round to the Weft- 
ward at fix in the morning, I weighed immediate- 
ly, and fent the boat for Captain Lutwidgc, to de- 
liver him his orders. At 10 A. M longitude by 
the watch 56' E. At noon the latitude obferved 
was 51^ 37' ^&' N. At eight in the evening we 
had got as far as Balfcy Cliff, between Orford and 
Harwich. Little wind at night. 

C3 5th. 
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5tb. Anchored in Hofeley Bay at half paft fe- 
ven in the evening, in five and an half fathom 
water. . Orford Caftlc NEbN. 

Angle between Aldborough Church and ) ^ , 
OrfordXight Houfe, il i^ 

Light Houfe and Orford Church, . . 1816 
Orford Church and Caftle, .... 2 20 
Caftle and Hofeley Church, . . . . ^ 100 <o 
Hofeley and Balfey Church, . . • • 35 27 

6th, At five in the morning, the wind at 
S S W, weighed, and flood out to fea, finding I 
might-lofe two tides by going through Yarmouth 
Roads. Examined the log line, which was marked 
forty-nine feet ; the glafs was found, by comparing 
it with the time-keeper, to run thirty feconds : at 
noon latitude obferved 52"* 16' 54", longitude by 
the watch 1** 30' 15" E. 



-v«> ^^f 



Angle between Southwold and Walderf-7 
wick, .......... r^" 39' 

Walderfwick and Dunwich, .... 20 21 

Dunwich and Aldborough, . . . . 46 53 

Southwold N W i N, fuppofed diflance three 
leagues. We concluded the latitude of South- 
would to be 52"" 22', and longitude i*" i8' 15" E. 
The dip was 73° 22'. 



7th. 
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^th. The wind was Northerly all day, ^and 
blew frefh in the nlorning. We had ftood far out 
in the night and the dky before, to clear the Le- 
liioh and Ow6r. 

8th. Little wind mod part of the day, with a 
very heivy fwell. Stood In for the land. At half 
paft ten longitude by the watch o"" 41' 15" E. At 
noon the latitude was 53'' 58' 37". We fitw the. 
high land near the Spurn, in the evening. 

9th. About noon FlamboroUgh Head boreNW 
b N diftant about fix miles : we were by obferya^ 
tioh in latitude 54^ 4' 54'', longitude o« 27' 15'' 
E ; which makes Flambdrough Head, in htitudc 
54O 9', longitude o^ 19' i5"E. In the afternoon 
we were off Scarborough. Almoftcalm in the 
evening. 

icth. Anchored in the liiorning for the tide in 
Robin Hood*s Bay, with little wind at N W : 
worked Up to Whitby Road nMt tide, and anchor- 
ed thereat four in the afternoon, in fifteen fathom> 
with very little wind^ 

nth. Calm. in the morning; Compleated our 
water, live ftockand vegetables. At nine in the 
morning longitude obferved by the watch i^ 55^ 
.S<>: W i Whitby Abbey bore S i W. Weighed 

r A with 
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^kh the wind at S E, and (leered N E b N to get 
j(b faf into the mid-channel as to make the wind 
^r Eafterly or Wefterly, without being too near 
cither (horc, before we were clear of. Shetland and 
the coaft of Norway. 

1 2th. The wind »t S E, and the (hip well ad- 
talncedj I ordered the aUowance of liquor to be 
A^redy ierving the . fliip's company one- fourth of 
their allowance in teer> and the other three-fourths 
in brandy ; by which means the beer was made to 
lift the whole vbyfe^e, and the water confiderably 
fifv^. One half of this allowance was ferved im- 
mediately after dinner, and the other half in the 
erening. It was now light enough all night to 
read opcMideck. . , — ^ 

13th. The weather ftill fine, but confiderably 
lefs wind than the day before, and in the afternoon 
more Northerly. The longitude at ten in the 
morning' wis found byitiy watch o9 6'W. We 
\66k three obfcrvations of the mooiniijd fun for the 
longitude; the extremes differed from one another 
near two degrees : the mean of the three gave the 
longitude 1^37' E. At noon the latitude obferved 
was sg^ 3 ^".31"- We found a difference of 36^ 
between the latitude by dead recfconing arid obfer- 
vafion, the (hip being fo much more Northerly 
jthan the reckoning. The diftance by this log was 

too 
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too (hort by forty-three miles. A log marked forty- 
five feet, according to the old method^ would have 
agreed with the obfcrvation within two miles in th« 
two days' run. The circumftance of fleering upon 
a meridian, which afforded me fuch frequent op* 
portunities of deteding the errors of the log^ in-r 
duced me to obferve with care the comparative 
accuracy of the different methods of dividing the 
line, recommended by mathematicians, or praftifed 
byfeamen. In the afternoon I went on board the 
Carcafs to compare the time-keepers by my watch. 
At fix in the evening the longitude by my watch 
o^'' 4" E. This evening the fun fet at twenty-fbur 
minutes paft nine, and bore about N N W by the 
compafs. The douds made a beautiful appearance 
long after to the Northward, from the refledion of 
ihe fun below the horizon. It was quite light all 
ftight : the Carcafs made the fignal for feeing the 
land in the evening. 

14th. Little wind, or calm, all day ; but very 
clear and fine weather. Made feveral different ob- 
fervations for the longitude by the fun and moon, 
and by my watch. The longitude of the fhip was 
found by my watch, at ten in the morning, to be 
i^ 11' 45" W. The longitude by the lunar ob- 
fervations differed near two degrees from one ano- 
ther. By the mean of them the fhip was in longi- 
tue 2^ 57' 45" W. Some Shetland boats came on 
'board with filh. At noon the latitude by obferva- 

tion 



26 JOURNAL. [June; 

tion was 60^ 16' 45".. At one in the afternoon 
the dip was obferved to be 73^ 30'; and at eight, 
75^ 18': the evening calm, and very fine; the 
appearance of the Iky to the Northward very beau>- 
tiful. Variation, by the mean of feveral obferva- 
tions, a 2^ 25' W* 

15th. By an obiervation at eight in the morning, 
the longitude of the Dip was by the watch o^ gg^. 
W : Dip 74<> 52'. At half paft ten in the morning, 
the longitude, from feveral obfervations of the fun 
land moon, was o^ 17' W; at noon being in lati- 
tude 60^ 19' 8'^, by obfervation, I took the dit 
tance between the two (hips by the Megameter ; 
and from that bafe determined the pofition of 
HangcHfl^ which had never before Been afcertain- 
ed, though it is a very remarkable point, and fre- 
quendy made by (hips. According to thefe ob(cr* 
vations it is in latitude 60^ 9', and longitude o^ 
56' 30" W. In the Appendix I (hall give an ac- 
count of the manner of taking furveys by this in- 
ftrument, which I believe never to have been 
praAifed before. At one, obferved the dip to be 
75^. A thick fog came on in the afternoon, with 
a flat calm ; we could not fee the Carcais, but 
heard her anfwer the Cgnals for keeping company. 
Variation, from the mean of (cveral obfervations, 

1 6th. 
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1 6th. A very thick fog in the morning ; latitude 
obferved at noon 60"" 29' 17": the dip was ob- 
fcrved at nine in the evening to be 76® 45'. In the 
afternoon, the weather dear, and the wind fair, 
fteered N N E : fent Captain Lutwidge his further 
orders and places of rendezvous. 

17th. Wind fair, and blowing frcfli at S S W, 
continued the courfe N N E : ordered the people a 
part of the additional clothing : faw an Engliih 
floop, but had no opportunity of fending letters on 
board, the fea running high. At ten in the morn- 
ing, longitude by the watch o"* 19' 45" W: at 
noon, the latitude obferved was ^z"" 59' 27". 
The (hip had out-run the reckoning eleven miles. 
I tried Bouguer's log twice this day, and found it 
give more than the common log. Variation 19* 
ZZ'W. 

1 8th. Little wind all day, but fair, from S S W 
to S E : ftill (leering N N E : latitude obferved at 
noon 65"" 18' 17". At three in the afternoon, 
founded with 300 fathom of line, but got no 
ground. Longitude by the watch i** o' 30" W. 

19th. Wind to the N W. Took the meridian ob- 
fervation at midnight for the firft time : the fun's 
lower limb o** 37' 30" above the horizon \ from 

which 
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which the latitude was found 66*" 54' ^g" N : at 
four in the afternoon, longitude by the watch o** 58' 
45" W : at fix the variation 19** 1 1' W. 

20th. Almoft calm all day. The water being 
perfedlly fmooth, I took this opportunity of trying 
to get foundings at much greater depths than I 
believe had ever been attempted before. I (bunded 
with a very heavy lead the depth of 780 fathom, 
without getting ground; and by a thermometer 
invented by lord Charles Cavendiih for this purpufe, 
found the temperature of the water at that depth 
to be 26** of Fahrenheit's thermometer • the tem- 
perature of the air being 48'' h 

, We began this day to make ufe of Dodlor Irv- 
I ing's apparatus for diftilling frefh water from the 
j fea : repeated trials gave us the moll fatisfaftory 
I proof of its utility: the water produced from it 
was perfedtly free from (alt, and wholefome, being 
ufed for boiling the (hip's provifions ; which con- 
venience would alone be a defirable objedl in all 
voyages, independent of the benefit of fo ufeful a 
relburce in cafe of diftrefs for water. The quantity 
produced every day varied from accidental circum- 
fiances, but was generally from thirty-four to forty 
gallons, without any great addition of fuel. Twice 
indeed the quantity produced was only tWenty-three 
gallons on each didillation ; this amounts to more 

than 
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than a quart for each man, which, though not a 
plentiflil aUowance, is much more than what is 
neceflary for fubfiftence. In cafes of real neceflity 
I have no rea(bn to doubt that a much greater 
quantity might be produced without an inconve* 
nient expence of fuel, 

sift A frefli galeae S E all day ; fleered NNE. 
At four in the morning we (poke with a fnow from 
the feal fi(hery, bound to Hamburgh, by which 
we fent fome letters. At fix in the morning the 
variation, by the mean of fcvcral obfervationg, 
was 23® 1 8' W. Longitude by the watch at nin^ 
was o^ 34' 30" W. Latitude obfcrved at nooa 

22d. Calm mod part of the day ; rainy and ra- 
ther cold in the evening. At noon obferved the 
dip to be 77° 5a'. 

23d. Very foggy all day ; the wind fair; alter* 
cd the courfe and fteered N E and E N E, to get 
more into the mid channel, and to avoid falling in 
with the Weftern ice, which, from the increafing 
coldnefs of the weather, we concluded to be near. 
At feven o'clock in the morning, being by our 
reckoning to the Northward of 72% we faw a piece 
of drift wood, and a fmall bird called a Redpoll 
Dip obferved at nine in the evening to be Si"* 30'. 

24*; 
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24th. Very foggy all the morning; the wind 
came round to the Northward. The dip obferved 
/\ \ at noon was 86^ 35'. In the afternoon, the air 
\ much colder than we had hitherto felt it ; the 

thermometer at 34^ A fire made in the cabin for 
the firft time^ in latitude 73"^ 40^ 

25th. Wind Northerly, with a great fwell ; fome 
fnow, but in general clear. At eight in the morn- 
ing, the longitude obferved by the watch was 
7** 15' E. Made feveral obfervations on the vari- 
ation, which we found, by thofe taken at feven in 
the morning, to be 1 7*" 9' W ; by others at three in 
the afternoon, only 7® 47' W. I could not account 
for this very fudden and extraordinary decreafe, 
as there were feveral different obfervations taken 
both in the morning and evening, which agreed 
perfedlly well with each other, without any appa- 
rent caufe which could produce an error affefting 
all the obfervations of either fet. At eight in the 
evening the longitude by the moon was iz^ 57' 30" 
E, which differed z? ss' fro"^ that by the watch. 
Little wind at night. 

z6th, Uttle wind 3II day ; the weather very finis 
and moderate. The latitude obferved at noon was 
74^ 25'. The thermometer expofed to the fun, 
which ftione very bright, rofe from 41^ to 61** in 

twenty 
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twenty minutes. By each of two lunar obferva- 
tions which I took with a (extant of four inches 
radius, at half pafi one, the longitude was cf^ 57' 
30" E ; which agreed within thirty-feven minutes 
with an obfervation made by the watch at half an 
hour after three, when the longitude was 8^ 5a' 
|o" E. Dip 7^^ a2'' 

27th. At midnight the latitude obferved was 
74° 26". The wind came to the S W, and con- 
tinued fo all day, with a little rain and fhow. The 
cold did not increafe. We fleered NbE. At 
feven in the morning the variation, by a mean of 
feveral obfervations, was found to be 20® 38' W. 
We were in the evening, by all our reckonings, iq 
the latitude of the Soutfe piit of Spitlbergen, with- 
out any appearance of ice or fight of land, and with 
z fair wind. 

28th. Le(s wind in the morning than the day 
before, with rain and fleet : continued fleering to 
the Northward. At five in the afternoon picked 
up a piece of drift wood, which was fir, and not 
worm-eaten : founded in 290 fathom ; no ground. 
At fix the longitude by the watch was 7® 50' E : 
between ten and eleven at night, faw the land to 
the Eaflward at ten or twelve leagues diftanpe. 
At midnight, dip 81'' 7'. 

29th. 



/ 



32 JOURNAL. [June- 

ipth. The wind Northerly ; flood clofe in with 
tlie land. The coaft appeared to be neither habi- 
table nor acceffible ^ it was formed by high, barren, 
/black rocks, without the leaft marks of vegetation^ 
/ in many places bare and pointed, in other parts 
covered with fnow, appearing even above the 
clouds : the vallies between the high cliffs were 
/ filled with fnow or ice. This profpcd would have 
1 fuggefted the idea of perpetual winter, had not the 
I mildnefs of the weather, the fmooth water, bright 
[ funfliine, and conftant day-light, given a chearful- 
i nefs and novelty to the whole of this ftriking and 
\ romantick fcene. 

I had an opportunity of making many obferva- 
tions near the Black Point. Latitude obferved at 
noon 77® g^ ii". The difference of latitude, 
from the laft obfervation on the 27th at midnight 
to this day at noon, would according to the old me- 
thod of marking the log have been two hundred 
and thirteen miles ; which agrees exactly widi the 
obfervation. At three in the afternoon, broi^ht 
to and ibunded no fathom; ^X mqddy ground: 
hoiftcd out the boat and tried the ftream; found 
it, both by the common and Bouguer*s log (which 
agreed exactly) to run half a knot North \ Black 
Point bearing E N E. At four the longitude by 
the watch was 9^ 31' E : at eight the variation, 
by the mean of nineteen obfervations, n? 53' W. 

I could 
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I could not account from any apparent caufe for * 
this great change in the vartatrdn : the weather 
was fine, the water fmooth, and every precaution 
we could think of ufed to make the obfervatipn^ 
accurate. The dip was 8q* 26'. Plying to th^ 
Northward, 

30t|i. At midnight tJie latitude ty obfervation 
was 78® o' 50". At four in the morning, by 
Lord Charles Cavendifb's thermometer the tern** 
perature of* the water at the depth of 1 1 8 fathomsf 
was 31** of Fahrenheit's J that of the a?r \*is at 
the fame time 40"* f. At nine in the ftiornrng we 
iaw a (hip b tht N W, ftanding in iFof the land. 
Having little wind this morning, and that Nor^ 
therly, I ftood in for the land, with an intention to 
have vVaterfed the fbfp, and got otit irrtiti^diately^ 
but was prevented by the calm which followed. At 
noon the latitude obferved. was 78** 8' ♦ the dip 
19° 30'. At two in the afternoon we founded jiji 
115 fathom-, muddy bottohi : at the fame time 
we fent down Lord Charles Cavendirti's thermos 
meter, by which we fotind the temperature of 
the water at that depth to be 33^; that of thef 
water at the furfaee was at the fame time 40^, 
and in the air 44:^ i. Fahrenheit's thermometer 
plunged in water brought up from the fame depth, 
flood at 38^^ 4. This evening the matter of a 
Greenland Ship came on board,^ who told me^ that 
h« was juft come out of the ice which lay to the 
D Weftwar4 
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Weftwtrd about fifteen Icaguci; ofF, anfil that three 
fliips had been IdB: this year, two EngUfli, and one 
Dutch. The weather fine, and rather warai. At 
fix in the evening the longitude by my imtch vaa 

9^ 28^45" E- 

July ift. Little wind Northerly, or calm, all 
day: the weather very fine, and fo warm that we 
fat without a fire, and with one of the ports open in 
the cabiii. At noon the latitude obferved was 
78'' 13' 36" i Black Point bearing S 78^ E; 
which makes the latitude of that point nearly the 
fame as that pf the (hip, aad agree? very well with 
the chart of this coait in l^urcbas. 

ad. Little wind, and calms^ all day ; the wea*' 
tfaer.very fine. At fix ifi the corning five iail of 
GreenlandiHien in fight. At ibdoo the btkude ob* 
fervied was 7«® aa' 41''. I took a liirvey of the 
coaft, as &r as we cocdd :fee : I took attb With the 
megameter the altitudes of feveral t)f dae moiio* 
tains : but as there is nothing particularly intei^» 
kig to navigators in this part of the coaft, I (haU 
only mention the height of one nKsuntain^ which 
was fifteen hundred and three yard& This may 
ferye tdgi^e feme idea of the appearance apdicalc 
of the coait At l»lf paft fix the iGpgitude by the 
watch was 9^* 8' 30" E : Variation 14'' 55' W. 

3. Latitude 



July.] JO U. R .N .A L. ^ 35 

3/La(tilu(!e ajt midnight 7 8* 23^ 46'^ Cip^o* 
45*, Trtie weathef lihe, and thfe wind fair all day, 
Running along by the coaft of $piifbfcrgeh alt day : 
ieveral Greenlandmen in figbt. Ihetweeq htne an3 
ten in the evening we were atfeaft' of the ^bftlfi 
f^oreland, bearing £ b S I S, diftarice f f 'Mile* 
bounded in twdfity fathom ^ rocky ground. ' '^ 

4tb» Very little )vind in the mornjng. At n,ooQ 
the latitude by obfervation was 79^. |i^-, JVfag- 
dalena Hook bore N 39"* fe diftant about foiir 
ttjilee^ which gf^cs theja^udepf that place 79"* 
g4'; tlw fapij^fs Fotherby obferyed it. to/bS in 
<6i4-, ^^Qod i,n.,to a finail bay tp the !3*outh^Yard 
of Magdalcaa: ^nd: H^bwrgher's my : anchored 
with tji? ftream ^anchor, a^d feht the boat Ifpr wa- 
fer. About thfee in the afternoon, when the b6at 
was fent. on (hgre, it appeared to be high water, 
and ebbeyd about three feet. This makes high wa- 
ter fujl- and. ehaijge at batf an hour paift qnfe, or 
with a S S W. raoonV which ag'rees exaftly with 
.Ba&n!s. obfe^vatioa in.iSig. The flood comes 
.from the iSoi^th ward. Went aftiorc with the aftro* 
nqm«r^ and inftrumeDts.,.t9.obferve the variation. 
A thi4;Jf fftgicamcon before we had completed the 
.o^fayftj^ps. . T^(hip. driving^^ I weighed and 
ilood,(fifiti^fo,4ea finder /an eafy fail, fifing guns fre- 
iHiea4yjt^4^w |h(Q Cjaroais where we were ; and in 
D 2 lets 
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lefe than two hours joined her. Soon aftcr^ (about 
fouf in the morning of the 5th) the Rockingham 
Greenland Ship ran under our ftern^ and the matter 
told me he had juft fpoke with fome Alps from^ 
wjiich he learnt, that the ice was within ten leagues 
of Hacluyt's Head L^nd, to the North. Weft. In 
confecfuence of this intelligence, I gave' orders for 
fleering Vn towards the Head Land ; andff ft fliould 
clear up, to fleer diredlly for it ; intending to go 
Nbrlh from thence; tiH '{otnc circumftance (hotald 
bbli^ me to alter my cburfe. 

"^^t^. At five the officer mfbrmSd me, that vre 
were very near feme ijfJmi^s off Dane's Gat, and 
that' the pilot v^ifhed to ft'and farther out -, I ordered 
thcfhip'to be kept N b'W, and hauled TFarther 
in, wlieh" clear of the jflahds. At iioon I fleered 
North, (eeing Nothing of "the' land j (boh after I 
was told that they (aw the ice : I went upon deck, 
and perceived fomethipg white upon the bow, and 
heard a noife like the fur f upon the (hore ; I hauled 
doNvn the ftuddin^g (alls^ and liaill^d the Carca(s to 
let them J^now that'l'fiibyrd ftarid for it to make 
what it was, having all hands'upon deck ready to 
haul up at a'^rriqmerit's'warhtng r 1 defircd that 
they would keep clole'^to us, the fog being fo 
thick, and have every tbdy up ready to^foHow our 
motions inftantaneoiifly, idetermiiiinjg to 'ftand on 
under ' fuch fail 'a^ 'fliould enable M^ t6 'keep the 
^ ^ (hips 
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ihips under command, and not rifk parting com- 
pany. Sobn after two finall pieces of ice not above 
tftree feet fquar^ pafled us, wbich we fuppofed to 
have floated from the ftiore. It was not long he* 
fore we ikw (bmethtng on the bow, part black and 
part covered with fnaw^ which from Jthe appear- 
ance we took to be iilancjs, and thought that we 
had not ftood far enough out ; I hauled up im- 
mediately to the N N W and was loon undeceiv- 
ed, finding it to be ice which W€ could not clear 
upon that tack; we tacked immediately, hut the 
wind and fea both fetting diredly upon it, we 
neared it very faft, and were within little more 
than a cable's length of the ice, whilft in (lays. 
The wind blowing frefli, the (hips would have 
been in danger on the }ee ice, had not the officers 
and men been very alert in working the (hip. The 
ice, as far as we could then fee, lay nearly E b N 
and W b S. At hatf paft (even in the ev«ring, the 
(hip running entirely to the Southward, and the 
weather clearing a little, I tacked, and flood for 
the ice. When I faw it, I bore down to make it 
plain ; at ten the ice lay from N W to Eaft, and 
no opening. Very foggy, and little wind, all day ; 
but not cold. At eleven came on a thick fog. At 
half pa(i midnight, heard the furgeof the ice, and 
hauled the wind to the Eaftward. 

D 7 " 6th. 
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6th. Clwr weath^? $R 6vfy ^A ^ vin4 ^ 

fterly off the ica la th© aiwaipg.l ftfjo^ ii^ t^ 

make the knd plain. At fis^ ^»»t !i^thii« fQWf 

tivikiA of tbe^ ice, vMoh IfOBst: from SN^. ^ 

W'N W : at t^n near Vogel Sang : at W^^ifti- k^i^ 

tude obferved y>^° 5ft' ^^" ; wiad BaA«iJy. Cw*- 

fiiiued plying, to vwdvwfd bftwf^n th^ ]^^d 9b4 

theko: vraa M^itbiia « quartan of a. mjle of tbc 

ice^ which lay &<»c« RNE to, NN W, wlpei^ I 

talked at twa in the afe^rftQQi> ^ and withia h^lf €i 

cable's length at i^^idf^ight i ^^ C^c%i^ vvas^ a ^xtdX 

way-aftern ^nd t^ If^w^i'cl %)1 cfeiy, iPein^ Cq QQV 

the laft re^d^?yq\is, I 4idf 9Qt cbufe tq Iwrijig^ tQ fer 

h^X, fewiwasjy€;fy 4^|ciow t;Q ^va^l Wyfelf of <his 

J^Yirura.blc oppo^ir^rkity, having tb^ v^ind Qff tbie 

ica and (i^teajr ^yeathe^, fQ foe whether ther^ N«as auy 

opening KjitbeN?. of ^h^Ho^Laod, Ry ojl the 

:a<xpitQf$: Uom t(be. QrqenUncJjiwn this ye^, .a^d 

-particttkriy; th^l^ft acfi9up< fyoi9i the 5<,Qcki;3ghaix?, 

a« wtll as fr<arn \yhat; wf b^ fQeaom^fdye?,, t;be ice 

.appealed «). W ct^«§ ^Ipfe to the N W. W^ bajd 

, feen itirqpfi j^ S ^ $0: 'W' Ni W. Ijt \i^s. probable 

. Xbat tbe fe^> it pp^n any \5tbq:f,. would be fo to the 

Eaft.waid,. wh^re thi^ Greenlandijaen do nQt o/t)^ 

^CUtu^e^ for fsar pf beijDg preyewed. froijii retur^i- 

ing by the ice joiaieg tq gpitft^efgea, I de^^roxiood 

therefore, (hould the wind continue in the fame 

quarter next day, to fin<l whether the ice joined to 

the 
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the knd, or was fo detached as taafibrd me m op- 
portunity of pafitng to the Eaftward. In cafe of 
the ice being faft I coiUd^ with the wind Eafterly^ 
range clo(^ along the edge of it to the Weft ward. 
The weathf^r exceedingly fine. At ft^c in the af- 
ternocm, the loogitude by th« wau:h was $"" 45' 

7th. At five in the moroing the wind was Nor- 
iherly^ and the weather ren>arkably dear. Sang 
Bear the ice I ranged abi^ it It appeared to be 
ck)ie ail round ; but I wa$ in hopes that (atot opeiw 
ing might be foi^nd to get through to a clear Tea to 
the Northward. I ran in amongft the fnpiali iccv 
and kept as clofe as po0ib)e to the main body^ not 
to n»& any opening. At noon. Cloven CliC 
W * S feven leagues. At one in the afternoon, 
being ftill aniongft the loofe ice, I fent the boat to 
one of the large pieces to 011 water. At four we 
(boaled the water very iuddenly to fourteen fa-^ 
thorn : the outer part of Cloven Cliff bore W iN: 
RedcIifT, S i E. The loofe ice being open to the 
E NE, we hauled up, and immediately deepened 
our water to twenty-eight fathom ; muddy ground, 
withftiellg. At half pad four, the ice fetting very 
clofe, we ran between two pieces, and having little 
wind were flopped. The Carcafs being very near, 
s^nd not anfwering her helm well, was almoft on 
board of us. After getting clev of her, we ran 

P 4 to 
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to the Eaftward. Finding the pieces increafe ia 
number and fize, and having got to a part Itfs 
crowded with the drift ice, I brought to, at fix in 
the evening, to fee whether we could difcover the 
ieaft appearance of an opening : but it being my 
^wn ippinion^ as well as jthat of the pilots and offer 
cers, that we could go no farther, nor even remain 
there without danger of being befet, I fent the boat 
On board the Carcals for her pilots, to hear their 
opinion ; they both declared that it appeared to 
them impradicable to proceed that way, and that 
it was probable we (hould foon be befet where we 
were, and detained there. The ice fet fo faft 
down, that before they got on board the Carca(s 
we were faft. Captain Lutwidge hoifted our boat 
4ip, to prevent her being ftove. We were obliged 
to heave the (hip through for two hours, with ice 
anchors, from each quarter; nor were we quite 
out of the ice till midnight. This is about the 
place where moft of the old difcoverers were flop- 
ped. The people in both (hips being much fa- 
tigued, and the Carcafs not able to keep up with 
us, without carrying ftudding-(ai!s, I (hortened fail as 
(bon as we were quite out, and left orders to ftand 
to the Northward under an ^afy fail : I intended, 
having failed in this attempt, to range along the 
ice to the N W, in hopes of an opening that way, 
the wind being fair, and the weather clear ; re- 
folving, if I foL)nd it all folid, to return to the Eaft- 
ward, 
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ward, where prdbably it might by that time be 
broken up, which the very mild weather encou- 
raged me to expedt. / 

Sth. Little wind in the morning, and a fwell 
fetting on the ice, we were obliged to get the boats 
jt-head, to tow the (hip clear ; which they efFefted 
with difSculty. A breeze fpringing up when we 
were within two cables lengths of the main body 
^f the ice, flood in for the land, and attacked at 
two, to ftand to the N W for the ice ; but the 
weather conning thick between five and fix, I flood 
in again fpr the land. It clearing up fbon after, I 
bore away ^ain N W for the ice. At ten, fpoke 
with ja Greenland Ship which had jufl left the ice 
all clofe to the N N W. Between eleven and twelve 
the wind came to the S W, with an heavy fwell, 
and thick weather. Double-reefed the topfails, and 
tacked at twelve, to fland in for Hacluyt's Head 
Land, not thinking it proper to run in with the faft 
ice to leeward in thick weather, without even the 
probability of an opening ; and propofing if that 
weather continued, to complete the ftiip's water, 
and bp ready with the firfl wind, off or along the 
ice, to look out for an opening, and run in. To 
avoid any inconvenience which from the experience 
of the preceding day I perceived might happen, 
from too many running to one place on any fuddea 
order, I divided the people into gangs under the 
midniipmen, and flationcd them to the ice hooks, 
poles, crabs, and to go over upon the ice when 
wanted. 9^h. 
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9tk Hnviog ft fait opporntfttty^ asd $^ wi«J> 
flood m the Weft^nard^ inteDdiftg^ vH^a the wi- 
ther was clear, to make the ice te tbo Nof »hw*f4» 
and run along it. About twelve, clearer ; faw the 
faft ice to the Northward, and the appearance of 
loofe ice to the N W : ftood directly for it, a&d got 
amongft it between^ two and three; ftcefing as 
much to tire Nopthward as the fitiKttioa of the iee 
would permit. At fix obferved the Ap f i* gz\ 
At half paft fcven, found the ice quite faft to the 
Weft, bemg in longitude 2*- 2* E, by our redcon- 
ing, which was the fartheft to the Weftward of 
,Spitft>ergen that we got this voyage. At eight the 
fog was fo very thick, that we could neither fee 
which way to pufti for an opening, nor where the 
Carcafs w^s, though very near us. That we might 
not rifik partitig company with her, I was obliged to 
ply to windward under the topfails, tacking every- 
quarter of an hour to keep in the opening in which: 
wc were, and clear of the ice which furrounded 
usw At four in the afternoon we were in 8a° 36'. 

lOth, We loft the Carcaft twice in the nighty 
from the very thick fog, and were working aU 
night amongft the ice, making very (hort tacks y 
the opening beiog fmall^ and the floating ice very 
thick about the (hip. The fituation of the people 
from the very fatiguing work and wet weather, made 
the moft minute precautions neceflary for the pre- 
fervatioo of their health : we now found the ad- 
vantage 
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vantage of tbe f^ta which had faeen aUowed for 
cst;saorduQary occafions) as wcU as the additional 
cbadnog fttrniflMd hy the Admiralty. Kotwtth- 
ibnding erery attention, fbveral of the men were 
ooiifined with eotds, which afiod^ them with 
palna m thctr bones \ but, ft con the eareful att^ttdr 
ance giveo dieoi, few coDtiaued in the fick bft 
^^hente iwQ ddya ^t ^ time. At eioe «l U«» iDoriir 
ing, vfhwL k closredl « Imte^ we fiiw the Caieaft 
much to dAeSoittfaward of w, I took thQ oppor^ 
tunity of the clear weather to run to the Weft war^ 
and found the ice quite folid there ; I then flood 
through every opening to ' the Northward, but 
thei^ a!fi) ieen ggt tf> the e^ of the <blid i^e. I 
was foicQd H> h»u^ up ¥> wether a poinx wU^h rm 
out froiist it. Aflei I had weathered that,, the ice 
clofiog fait ispon me, obliged ixie to^ fet the ibrefiul^ 
which, with the fre(b w^nd %f^ foooth water, give 
th< ftdp fufih w^y ^n^ to fQroe ihroMgh it with a vio- 
lent ftroke. At QOte in the «fternqop« imiQedia,tely 
on gfittii^ out kitp the open fee, we hmi a bea^Ty 
fwell letting to the Nor|h.w4Ufd ; though nmoQgft 
the ice, the minute before, the water had been as 
ihraoth SI a m^ pofA The wiod blew ftrong at 
as W. The iC)^ ft&fv $* we could fee from the 
(oaft bead,. l*y S N E : wet fleered that courfe cla(e 
to it^ to loek f(H ail 9pqni0g tp the Northward. I 
now began <o cQpceive that the i^e waa one cooir 
p^ impenetj^We body, having run along it frorp 
Eaft to Wefl above ten dcgacs* I purpofcd how- 
ever 
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ever to ftand over to the Eaftward^inordertoafcer^ 
tain whether the body of ice joined to Spitfbergen^ 
This the quantity of loofe ice had before rendered 
impradicable ; but thinking the W^^ly winds 
might probably by this time have packed it all that 
way, I flattered rhyfelf with the hopes of meeting 
with XK> dDftru£tion till I fhould icome to where it 
joined the land; and in cafe of an opening, how* 
ever finall, I was determined at all events to pufh 
through it. The weather dearer^ and the land 
in fight. 

nth. At half pad foijr in ihe morning the' 
longitude by the lunar obiervation was g^ 4a' E. 
And at the fame time by my watch 9** 2' E. Clo- 
ven Cliff S S E, diftant eight miles. This would 
make the longitude of Cloven ClifF9'* 38' E; which 
is within twenty minutes of what it was determined 
by the obfervations arid furvey taken in Fair Ha- 
ven. At noon the latitude obferved was So"* 4'; 
Vogel Sang W S W. Little wind and a great fwell 
in the morning. Calm moft part of the day. 

1 2th. Calm all day, with a great fwell from 
the SW, and the weather remarkably mikl. At 
eight in the evening longitude by the watch 10* 
54' 30" E: Cloven GifF SWbS. The Carcafs 
drove with the current fo near the main body of 
the ice, as to be obliged to anchor ; (he came to 
in twenty-fix fathom water. 

13th. 
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13th. Calm till noon, the (hip driving to the 
Weftward with the current, which we obferved 
to be very irregular, the Carcafs being driven at 
the fame time to the Eailward. Near the main 
body of the ice, tiie detached pieces probably aflfeft 
the currents, and occafton the gfeat irregularity 
xvhich we remarked; We had foand an heavy 
iweir from the S W thefc two days. At two in 
iht afternoon it came on very fuddenly to blow frefti 
from that quarter, with f(^gy weather : we work- 
ed . into Vogel Sang^ and anchored with the beft 
bower ia eleven fathom, fdft clay. 

^ Tfit place where we anchored is a good road- 
ftead,. open from the NE to the NW. The 
Northeaftemmoft point is the Cloven Ciifl^ a bare 
rock fo called from the top of it refembling a clo^ 
ven hoof, whith ap^arancQ it has always worn, 
having been named by fbmeof the firft Dutch na- 
vigators who frequented thefc feas. This rock be- 
ing entirely detached from the other mountains, and 
joinect to the reft of the iHand by a low narrow iflh- 
mus, prefcrves in all iituations the fame form ; 
and' being nearly perpendicular, it is never dif- 
guifed by fnow. Thefc circumftances render it 
one of the moft remarkable points on the coaft. 
The Northwefternmoft land is an high bluff point, 
called by the Dutch, Vogel Sang. This found, 
.though open to the Northward, is not liable to any 
inconvenience from that circumftance, the main 

bCedy 
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bbdy <]f th^ ice lyifig A near m to prevent any great 
fk ; nor afQ (hips in any danger from thfeloofi^ ibiii 
fetting in, is tbid road communicates Vith feveral 
(Hhers formed by difl^re&t iflaods, betwtQd all 
which there are iofe paffagesv^ To dl tHe fouAda 
and harbo^rft formed by this kndt of ifhtnda, die 
old Efiglifh iiavigator^s h^d giv«i the general i^acte 
of Fair Maveiii of which Poth^Hby took a j:>/ir in 
t6i 4 : that in which the Racehorfeind Catca& hy 
^t this time they called the North Harbour; the 
htirbour of Sme^tienberg, diftMt about -etevfco 
miles, (in which w^ anchOrcKtiftj^ugofb) theynwm 
ed the South Harbour. Befides thefc, there are 
f^vtral others^ paarticuiariy two^ caUed^ £b6k's 
Hole, ^nd the Nor^vdyft^ in .bods Which, f^iperil 
Dutch ^ip^ wiero lyitig a( ¥hi{ time. Herb iJht 
ithore being fteejH(), we Ooftipl«cd bur wate> ilrith 
gre^t eaTe, from the ftr^ams whidi fitU io ibaoy 
places down the fid^i^ of tfM rockft^ andire pro^ 
duced by the mefttng of tht f^ow. -I fijetjd ^c^pm 4 
fmall flit iflafid, Of rock, ^bout three milw frem 
the (hip, and almoft in the cetiter of th6fe ffliHfidt 
which form the many ^iSoU rot^i htte^ ^'as the 
propereft pkce for erefting a tent, add rflakJflg 
obfervations. The foggy weather on ttid t+tft 
prevented uig from ufing the teftrumertti that day. 
I regretted this drcamftartee much, fearing k 
would deprive me of the only probable dpj^or- 
tiinity of making obfefvafions on fttofe'itl thoife 
high ^ latitudes, as our water was nearly recfuited-: 

however, 
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however, haviiag littk wiod^ with the weather 
very fair fron the i5ih t^ the aSdi Hi tfa«^ ifiom^ 
19^ Imadetbebefttifeof thitcikiie. Eirecmthe 
dear«ft weather here, the Ifcy ^kate sever fi^ frott 
dovid% which ^eT^oted (Mr fctvE% the Aoon dor* 
lAg tte whole of our ftay, or evsea being fure of 
oiir Sahv ob(erv«tioaS| Mr. Lyoos never having 
been able to get equal akitiades for feuliog the rates 
of goiog of the time^keeper& Oace indeed we 
wei« fortunate enoi^h to observe a revolution of 
the fuD, of which I availed myielf 10 determine 
^ going of the pendukim adjtilled to vibrate fe- 
conds at London. During the courfe of this ex* 
perimenty a particular and coaftant auention was 
paid to the, ftate of the thermometer, which I 
Ivas forprifed to find 4ifier ib little . about aoon 
and midn^ht^ its greateft. height was s^\ ^ 
c^en ia the forenoot) ; ait taidaight it was Si\ 

On the 1 6th, at noon, the weather was re- 
markably fine and clear. The thermometer in the 
jQiade being at 49% when expoied to the fun rofe in 
a few fitinutes to 89^?, aod remained ib for ibme 
timci till a fmall breeze fpringing up, made it fatl 
10® almoft inftantly. The weather at this time 
was rather hot ; fo that 1 imagine, if a thermome- / 
ter was to be graduated according to the feeFings f 
of people in tbefe latitudes, the point of tempera* 
ture wouW be about the 44th degree of Fahren- 
heit's fcale. From this ifland 1 took a furvey, 10 

afc^riain 
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afccrtaiff thcfituationof all the points ^nd openings^ 
and the height of the moft remarkable mountains : 
the longefl: bafe the ifland would afibrd was only 
6i8 feet, which I determined by a crofi bafe, as 
well as aftual meafuremeqt, and found the refults 
not t© differ above three feet. To try how far the 
accuracy of this ftirvey might be depended upon, I 
took in a boat, with a fmall Hadley's (extant, the 
angles between feven objefts, which interfeftecf 
cxaftly when laid down upon the plan. I had a far- 
ther proof of its accuracy fome days after, by tak- 
ing the bearings of Vogel Sang and Hacluyt's Head 
Land in one, which corrcfponded exaftly with their 
pofition on my charts 

On the 17th, the weather befrig tery clear, t 
went up one of the hills, from which I could fee 
feveral les^ues to the N E : the ice appeared uni-^ 
form and compaft, as far as my view extended. 
During otir ftay here, ^e found the: latitude of the 
ifland on which the obferviitions were made, to be 
79^ 50' ; longitude 10^ at' 550" E ; variation 20* 
38' W; dip 82° 7' : latitude of Cloven Cliff 79^ 
53'; longitude 9^ 59' 30" E: Hacluyt's Head 
I^nd 79^ 47'; longitude 9^ 11' 30" E. The 
tide rofe about foinr feet, and flowed at half an 
hour after one, full and change. The tide fet ir- 
regularly, from the number of iflands between 
which it paffed ; but the flood appeared to eome 
from the Southward. 

iSth. 
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igth. The calm weather fince the 14th had 
given us full time to finilh the obiervations, and 
complete our water : a breeze Ipringing up in the 
morning, I went aftiore to get the.inftruments on 
board. Between one and two we weighed, witln 
the wind Wefterly, and flood to the Northward. 
Between eleven and twelve at night, havii^ rua 
about eight leagues, we were prevented by the 
ice from getting farther. We flood along the edge 
of it to the Southward. At two in the morning, 
being embayed by the ice, I tacked, and Ipft or- . 
ders to fland to the Eaflward along the edge of the 
ice, as fbon as we could weather, the point; hop* 
ing, if there (hould be no opening between the land 
and the ice, that I Ihould at. leafl be able to afcer- 
tain where they joined, and perhaps to discover 
from the land, whether th^e Wjas any profpedl of 
a paiTage that way : At that time ih^ ice w^s all folid 
as.far as we could fee, without the leafl appearance 
of water to the Northward, 

J 9th. As fi^c in the. mofrning w% had got to the 
Eaftward. amQi^ the loofe ice wbicfc lay very Akk ; 
in^fhore, the m«in body to the Norihward and Eaftr . 
w4rd: . the land pepr Deer Field JQOt four milc^ off^ 
and the w$te? fljiq^led to twefity fathoms, J^pre 
wc found oorfelves nearly in the fame place ^vrhirr^ 
wi had twice been ilopped, the ice fituated as be* 
fore; locked with the jhmd, wi^hote imy paffagc.ci^. 
ther to the ]^aa|^4 ^ Northward; 1 therefore 

i: flood 
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flood back to the Weft ward. At noon the North- 
ernmoftr part of Vogel Sang bore- S W b Sj diftant 
about (even leagues. The weather being very fine, 
and th€ mnd to the Eaftward, we were enabled to 
cdaft aterfg the ice to theJWeft ward, hauling into all 
the bays, going round every point of ice in fearch 
of an opening, and ftanding clofe along by the main 
body all day, generally within a fliip's length. 

•20th' At half after tliree in the morning the 
land was out of fight, and we imagined ourfelves 
in rather more than eighty degrees and an half j 
fome of the openings being near two leagues deep, 
had flattered us with hopes of getting to the North- 
ward i but thefe openings proved to be no more 
than bays in the main body of the iee. About one 
in the afternoon, we were by our reckoning in about 
86^ 34', nearly in- the fanie place where we had 
been on the 9th. ' About three we bore away 
fc^- what. appeared -like an openiiTg to the S W; 
we found the ice run far. to the Southward. 

"21 ft. We ftirf 6ontinlied to run along the edge of 
tKeiee, which trended to the Southward. ' At nooii 
w^ were in the latitude' of ^g"^ z6\ by obfervation, 
whicb ^was twienty-fivd miles ioiht Southward of 
ofif^f^koning. -Fiiiding that the direftion of the 
ic% led- iis^ t4^ the "iSoutfeward, atfd thiat \!ht current 
fet vihfe fame-wtfyv I 'ftodd to the Ndrthward and 
Wefbgard clofc aiorig the ice, -^ta try 'AvJiether the 
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fca was opened to the Northward by the* wind 
from that quarter. At nine in the evening we had 
no ground with 200 fathom of line. At ten we 
got into a dream of loofe ice. The weather fine, 
but cod all day, and fometimes foggy. 

Z2d. At two in the morning we bore away to 
the N E, for the main body of the ice ; the wea- 
ther became foggy foon afterwards. At fix we 
faw the ice ; and the weather being ftill foggy, we 
hauled up to the S S E, to avoid being embayed 
in it. The air very cold. ^ 

a^d. At midnight, tacked for the body of the 
ice. Latitude obferved 80° 13' 38". Rainy in the 
morning ; fair in the afternoon : ftill working up 
to the Northward and Eaftward, with the wind 
Eafterly. At fix in the evening, the Cloven Cliff 
bearing South about fix leagues, (bunded in 200 
fathom, muddy ground; the lead appeared to 
to have funk one third of its length in the mud. At 
two in the morning, with little wind, and a fwcU 
from the South Weft, I ftood to the Northward 
amongft the loofe ice : at half paft two the main 
body of the ice a cable's length off, and the loqfe 
ice fo x:lofe that we wore (hip, not having room or 
way enough to tack ; ftruck very hard againft the 
lee in getting* the (hip rpund, and got upon one 
piece, which lifted her in the water for near a mi- 
nute, before her weight broke it. The (hips had 
£ 2 been 
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been Co Ivell ftreogthened, that they received no 
damage from thefe ftrokes ; and I could with the 
more confidence pufh through the loofe ice, to try 
for openings. Haclujt's Head Land bore S 50^ 
W diftant about feven leagues. 

:241b. By this fituation of the ice we were diP- 
appointed of getting direftly to the Northward, 
without any profpeft after fo many fruitleis attempts 
of being able to fuCceed to the Weft ward ; nor in- 
dfecd, could I with an Eaftefly wind and heavy 
fwell attempt it, as the wind from that quarter 
would not only pack the loofe icecldfe to the Weft- 
\9^vdy but by fcttrng (he Tea on jt, make it as im- 
proper to be approached as et rocky lee ftiore. To 
the Eaftward on the contrary it would make fmooth 
water, and detach all the loofe ice from the edges; 
perhaps break a ftream open, and give us a fair 
trial to the Northward; at all events, with an 
Eafterly wind we could runout again, if we did not 
find it prafticable to proceed. Finding the ice fo 
faft to the Northward and Weft ward, it became a 
defirable objeft to afcertain how far rt was pblfible 
to get to the Eaftward, and by that meains purfue 
the voyage to the Northward. Thefe confidcra- 
tions determined me to ply to the Eaftward, and 
make another pu(h to get through where I had 
been three times repiilfed. In working to the Eaft- 
ward, we kept as near the body of the ice as pof- 
fible. At noon the Cloven Cliff bore SWbS 

about 
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about fevcn leagues. At fix we were working to 
ihe NE^ and at nine we fteerpd to the SE, the 
ice appearing more open, that way : we had frefti 
gales and cloudy weather. The (hip ft ruck very 
hard in endeavouring to force through the loofc 
ice. At rnidnight the wind freftiened, and we 
double reefed the topfails. It was probably owing 
to the frefh gales this day, as well as to the fum- 
mer being more advanced, that we were enabled 
to get farther than in any of our former attempts 
this way. We continued coafting the ice, and at 
two in the morning the north part of Vogel Sang 
and Hacluy t's Head Land in one bore S 6^"^ W ^ 
.Cloven Cliff S 52° W ; the ncareft part of the 
(hore about three leagues off. When I left the 
deck, at four in the morning, we were very near 
the fpQt where the (hips had been faft In the ice 
on the 7th in the evening, but rather farther to 
the Eaftward j we had pa(red over the fame (hoal 
water we had met with that day, and were now in 
twenty fathom, rocky ground ; ftill amoxigft hok 
iqe, but not fo clofe a$ we had hitherto found it. 

25th. At feven in the morning we had deepened 
our water tq fifty-five fathom, and were ftill amongft 
the loofe ice. At noon we bad deepened our water 
to feveftty fathom, with muddy bottom, at the 
diftancc of about three miles from the nearcft 
land. By two in the afternoon we had paflTed 
Deer Field, which we had fo often before at- 
E 3 tempted 
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tempted without fuccefs •, and finding the fea open 
to the NE, had the moft flattering pnofpedt oC 
getting to the Northward. From this part^ all the 
way to the Eaftward, the coaft wears a different 
face ; the. mountains, though Jiigh, are neither fa 
ftcep or fharp-pointed, nor of fo black a colour as 
to the Weftward. It was probably owing to this 
remarkable difference in the appearance of the 
Ihore, that the old nav^ators gave to places here- 
abouts the names of Red Beacb^ Red Hillj and Red; 
Cliff. One of them, (peaking of this part, has 
defcribed the whole country in a few words : '^Herc ' 
*' (fays he) I faw a, niore natural earth and clay than. 
** any that I have feen in all the <?ountry, but no- 
*' thing growing thereypon more than in other 
" places." At two in the afternoon we had little 
wind, and were in fight of Mpffen Ifiand, which is. 
very low and flat. 

The Carcafs being becalmed very near the iftand- 
in the evening. Captain Lutwidge took that oppor- 
tunity of obtaining the following exa6l account of 
its extent, which he communicated to me. 

** At lo P M, the bodyofMoffenlfland bearing 
** E b S diftant two miles ; founded thirteen fa-. 
** thoms V rocky ground, with light brown mud,, 
*' and broken (hells. Sent the mailer on fliore^ 
** who found the ifland to be nearly pf a round 
** form, about two miles in diameter, with a lake 

•' Of 
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** or large pond of water in. the aliddle, all frozen 
*^ ov^r, except thirty or forty.yards round the edge 
*' of it, which was water, with loofe pieces of 
" broken ice, and fo (hallow they walked through 
*' it, and went over upon the firm folid ice. The 
" ground between the fea and the pond is from 
** half a cable's length to a quarter of a mile broad, 
" and the whole ifland covered with gravel and 
** fmall (tones, without the lead verdure or vege- 
*' tation of any kind. They faw only one piece of 
** drift wood (about three fathom long, with a root 
** on it, and as thick as the Carcafs's mizen maft) 
" which had been thrown up over the high part of 
*' the Jiand, and lay upon the declivity towards the 
^ pond* They faw three bears, and a number of 
*' wild ducks, geefe, and other fea fowls, with 
*' birds nefti^ all over the ifland. There was an in- 
** fcription over the grave of a Dutchman, who 
" was buried there m July 1 77 1. It was low water 
** at eleven o'cbck when the boat landed, and the 
*' tide appeared to flow eight or nine feet i at that 
•' time we found a current carrying the Ship to the 
** N W from the ifland,. which before carried us to 
** the S E (at the rate of a mile an. hour) towards 
" it. On the Weft fide is a fine white landy bottom^ 
*• from two fathoms^ at a fliip's length from the 
*' beach, to five fathoms, at half a mile's dift;ance 
♦'off.'* 

The foundings all about this ifland, and to the 
Eaftward, feem to partake of the nature of the 

£ 4 coaft^ 
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cbaft. To the Weftward the rocfcs were high, 
and the (hores bold and fteep too ; here the land 
ihelved more, and the foundings were Ihoal, from 

} thirty to ten fathom, ft appears extraordinary that 
none of the old navigators, who are fo accurate and 
minute in their defcriptions of the coaft, have 
'taken any notice of this ifland, (b remarkable and 
diflferent from every thing they had feen on the 
Weftern coaft ; unlefe we (hould fuppofe that it dicl 

, Dot then exift, and that the ftreams from the great 
ocean up the Weft fide of Spitibergen, and through 
the Waygat's Straits, meeting here, have raifed 
this bank, and occafioned the quantity of ice that 
generally blocks up the coaft hereabouts. — At four 
ity the afternoon, hoifted out the boat, and tried the 
current, which fet N E b E, at the rate of three 
quarters of a mile an hour. At midnight, Moffeii 
Ifland bore from S E'b S to S b W, diftant about 
five miles. 

26th. About two in the morning, we had little 
wind, with fog; made the fignals to the Carcafe 
for keeping company. At half an hour after three 
in the afternoon, we were in longitude 1 1^ 20' 45" 
E ; variation, by the mean of five azimuths, 1 2® 
47' W. At nine we (aw land to the Eaftward ; 
fleering to the Northward with little wind, and no 
ice in fight, except what we had paffed. 

27th. 
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27th. Wording dill to the N £, wc met wit|i 
fome loofe ice ; however from the qpennefe of the 
fea hitherto, fince we had pafled Deer Field, I had 
great hopes of getting far \o the Northward ; but 
about noon, being in the latitude of eighty and 
forty-eight, by our reckoning, we were ftoppeji 
by the main body of the ice, wbich w? found lying 
in a line, nearly Eaft and. Weft, quite folid. Hav* 
ing tacked, I brought to, and founded clofe to the 
edge of the ice, in 79 fathom, muddy bottom. 

The wind being ftill Eafterly, I worked up clofe 
to the edge of the ice, coafting it all the way. At 
fix in the evening we were in longitude i4<> gg' 30" 
E, by obfervatioq. 

28th. At midnight the latitude obferved was 
So^ 37'. The main body of the ice ftill lying in 
the fame direftipn, we continued working to the 
Eaftward, and found feveral openings to the 
Northward, of two or three mijes deep ; into 
every one of which we ran, forcing the ftiip, 
wherever we could, by aprefsof fail, amongft the 
loofe ice which we found here in much larger 
pieces than to the Weftward, At fix in the morn- 
ing the variation, by the mean of fix azimuths, 
\vas 1 1^ s^' W i ^^^ horizon remarkably clear. 
At noon, being clofe to the main body of the ice, 
ttie latitude by obfervation was 80° 36' : we found- 
ed in 10 1 fathom, muddy ground. In the after- 
noon the wind blew frefh at N E, with a thick 

. fog; 
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f^g; the ice hung much about the rigging, the 
loofe ice being thick and clofe, we found ourfelves 
{q much engaged in it, as to be obliged to run 
back a cpnfiderable diftance to the Weft ward and 
Southward, * before we could extricate ourfelves: 
we afterwards had both the fea and the weather 
clear, and worked up to the North Eaftwiard. At 
half paft five the longitude of the fhip was 15^ 16' 
45" E. At feven the Eafternmoft land bore E f N 
diftantal>out feven or eight leagues, appearing like 
deep bays and iflands, probably thofe called in the 
Dutch charts the Seven I/lands j they feemed to be 
furrounded with ice. I ftood to the Southward, in 
hopes of getting to the Southeaftward round the 
ice, and between it and the land, where th^ water 
appeared more open, 

29th. At midnight the latitude by obfervatioft 
was 80^ 21'. At four, tacked clofe to the ice, 
hauled up the forefail and backed the mizen top- 
fail, having too much way amongft the loofe ice. 
At noon, latitude obferved 80'' 24' 56": Aa 
opening,, which we fupppfed to be the entrance of 
Waygat's Straits, bore South j the Northernmoft 
land N E b E ; the neareft ftiore diftant about four 
miks. la the afternoon the officer from the deck, 
came down to tell me„ we were very near a fmall, 
rock even with the water's edge ; on going up, I 
law it within little more than a fhip's length on the;, 
lee l^ow, and put the helm down ; before the (hip 

got 
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got round, we were clofe to it, and perceived it to 
be a very fmall piece of ice, covered with graveK 
Jn the evening, feeing the Northern part of the 
iflands only over the ice, I was anxious to get round 
it, in hopes of finding an opening under the lani 
Being near a low flat ifland oppofite the Waygat's 
-Straits, not higher, but much larger than Moflfen 
Jfland, we had an heavy fwell from the Southward,, 
with little wind, and from tea to twenty fathom ; 
having got paft this ifland, approaching to the 
high land to the Eaftward, we deepened our water 
very fuddenly toi 17 fSathom. Having little wind, 
Wd the weather very dear, two of the officers went 
Vfith a boat in purfuit of fome fea-horfes, andafter-^ 
wards to the low ifland. At midnight we found by 
©bfervation the latitude 80? 27' 3", and the dip 
$2*^ 2' i. At four in the morning 1 found, bj 
.Bouguer*s log, that the current fet two fathom to 
the Eaftward. At fix in the morning the officers 
returned from the ifland •, in their way back they 
had fired at, and wounded a fea-horfe, which dived 
immediately, a^d brought up with it a number of 
others.. Tliey all joined in an attack upon the 
boat, wirefted an oar from one of the men, and 
weice with difficulty prevented from ftaving or over- 
setting her : but a boat from the Carcafs joining 
ours, they difperfed. One of that (hip's boats, had 
before been attacked in the fame manner off 
MoSea Ifland. From Dr, Irving, who went oa 
lhis;pa.rty^ I had the following account of the low 
iflant " ' ' ^'We 
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** We found feyeral large fir trees lying on the 
** fhore, fixteen or eighteen feet above thp kvel 
** of the fea : fome of thefe trees were feventy; feet 
** long, and had been torn up by the roots ; others 
<* cut down by the axe, and notched for twelvp 
*' feet lengths: this tiniber was no w^ys decayed, 
** or the ftrokes of the hatchet ^n the leal^ effaced. 
^* There were likewife fome pipe-ftaves, and wood 
** faihioned for ufe. The beach was formed of 
*' old timber, fand, and whale-bones. 

^' The idand is about feven miles long, flat, and 

I ** formed chiefly of ftones from eighteen to thirty 

I *' inches over, many of them hexagons, and com- 

\ ** modioufly placed for walking on : the middle 

'\ •* of the ifland is covered with mois, fcurvy grafs, 

\ *' (brrel, and a few ranunculufes then in flower. 

I ** Two rein-deer were feeding on the mofs ; one 

*' we killed, and found it fat, and of high flavour. 

" We faw a light grey-coloured fox ; and a creature 

*' fomewhat larger than a weafel, with fhort cars, 

" long tail, and fkin fpotted white and black. The 

*' ifland abounds with fmall fnipcs, funilar to the 

** jack-fnipe in England. The Dijcks were now 

•* hatching their eggs, and many wild geefe feeding 

** by the water fide." 

When I left the deck at fix in the morning, the 
weather was remarkably clear, and quite calm.. 
To the N E, amongfl: the iflbnds, I (aw much ice,, 
but alfo much water between the pieces 5 which 

gave 



i 



July.] JOURNAL. 6i 

gave me hopes that when a breeze fprung up, I 
Ihould be able to get to the Northward by that way« 

30th. Little winds, and calm all day ; we got 
fbmething to the Northward and Eaftward. At 
noon we were by obfervation in latitude 80° 31', 
At three! in the afternoon wc were in longitude 
18^ 4^ E, being amongft the iflands, and in the 
ice, with no appearance of an opening for the (hip. 
Between eleven and twelve at night I fent the 
niailer, Mr. Crane, in the four-oar^d boat, amongft 
the ice, to try whether he could get the boat 
through, and find any opening for the (hip which 
might give us a profpe^t of getting farther -, with 
diredtions if he could reach the (hore to go up one 
of the mountains, in order to difcover the (late of 
the ice to the Eaftward and Northward. At five 
in the morning, the ice being all round us, we got 
out our ice-anchors, and moored along-fide a field. 
The mafter returned between feven and eight, and 
with him Captain Lutwidge, who had joined him 
on (hore. They had afcended an high mountain^ 
from whence they commanded a profpect extending 
to the Eaft and North Eaft ten or twelve leagues^ 
oyer one continued plain of fmooth unbroken ice, 
bounded only by the horizon: they alfo faw land 
ftretching to the S E, laid down in the Dutch 
Charts as iflands. The main body of ice, which 
w:e had traced from Weft to Eaft, they now per- 
ceived to join to thefe iflands, and from them to 

what 
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ivhat is calkd the North Eaft laod. in tetmnm^ 
the ice havri^ ck^ed much fince they weot^ they 
were frequently forced to haul the boat over it to 
other openitigs. The weather exceedingly fine and 
raild, and unufually clear. The fcene was beau- 
tiful and^pidure{que ; the two Ihips becalmed in a 
large bay, with three apparent openings between 
tbe iflands which formed it, but every-wherc fur- 
rounded with ice as far as we could fee, with fome 
ftreams of wnter } not a breath of air ; the water 
perfedty fmooth ; the ice covered with fnow, low, 
and even, except a few broken pieces near the 
edges: the pools of water in the middle, of the 
pieces were frozen over with young ice* 

31ft. At nine in the morning, having a light 
breeze to the Eaftward, we caft off, and endea- 
v6ured to force through the ice. At noon the ice 
was fo clofe, that being unable to proceed, we 
moored again to a field. In the afternoon we filled 
our cafk with frefti water from the ice, which we 
found very pure and foft. The Carcafs moved, 
aiid made fad to the fame field yith us. The ice 
meafured eight yards ten inches in thicknefs at one 
end, and feven yards eleven inches at the other. 
At four in the afternoon the variation was 1 2° 24' 
W : at the fame time the longitude 19*" o' 15" E ; 
by which we found that we had hardly moved to 
the Eaftward fince the day before. Calm moft 
part of the day \ the weather very fiije ; the ice 

clofed 
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clofed faft, and was all round the. (hips 5 no open- 
ing to be feen any where, except an hole of about 
a mile and a half, where the (hips lay faft to the 
ice with ice-anchors. We completed the water. 
The (hrp's company were playing on the ice all day. - 
The pifots being much farther than they had ever 
been, and the feafbn advancing, feemed alarmed ac 
being befet. 

Auguft ift. The. ice preiTed in faft; there was 
not no^ the fmalleft opening ; the two lliips were 
within kfs than two. lengths of each other, fe'pa- \ 
rated by ice, and arathcr haviug room to turn. \ 
The ice, which hadibeen all flat the day before,. j 
and :alnloft level with the water's edge, was now / 
ia ftiany placed forced higher than the main yard, / 
by the pieces ftjueczing together. Our latitude 
tbia day iat nobn^ by the double altitude, was 

2d. Thick foggy wet weather, blowing frcfh 
to the Wdtward ; the ke immediately about the 
(hipsf rather loeiir than the day before, but yet 
hourly fetting in fo faft upon us, that there feemed 
to be no probability of getting the (hips out again, 
without a ftrbng^Eaft, or North Ealt wind. There 
was not the fmalleft afypearance of operi water, ex- 
cept a little tc^md^ tHe-Weft poiAi of the North 
Eaft land. The fevew/iflands and North Eaft land,. 
With the frozen fea, fbrmed almoft a bafon, leaving . 
but about four points ^opening for xhe ice to drift > 
out, in cafe of a change of. wind i- ...... 

3^- 
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3d. The weather very fine, clear^ and calm 5 
we perceived that the (hips had been driven far to 
the Eaftward; the ice was much clofer than before^ 
and the paflage by which we had come in from the 
Weftward clofed up, no open water being in fight, 
cither in that or any other quarter. The pilots 
having exprefled a wi(h to get if poffible farther 
out, the (hips companies were (et to work at five 
in the morning, to cut a pafiagc through the ice^ 
and warp through. the fmali openings to the Weft-* 
ward. We found the ice very deep, having 
iawed (bmetimes through": pieces twelve feet thick. 
This labour Was continued itHe wfide day, but 
without any fuccefs ; our utfti(jft eiiorts not ha^iAg 
m6vcd the (hips above three hundred yards to the 
Weftwaid through the ice, at the (anfic time that, 
they, had been, driven (together with the ice itfdf^. 
to which they were faft) far to the N E and fiaft-. 
w^d, by tbje Wrrcpt,; which^had ^fo' fdf ced .the 
loofe ice fr9m:;h«.W^ft^ar(J,r,I>iet\vs?H;th^.iflaj:Kis 
where it became p^cfeed, ajwl.fts-ftwnas.tbe maia . 
body. . : . , . , ^ . .. . : 

. : • ! • • '. ' "•';'*•. •*-:;.•' 

4th. Quite ; calm till «v^niqg, :when we were 
flattered with a ligKt air to ithe , ^aft^ard, which 
did not laft k>ngi^ and had . cf0 favourable efedt. 
The wind w4§.udw at N W, twith a very thick fog, 
the (hip dri viia^ to the Eaft waid; The pilots (eem- 
ed to apprehend' that, the ice- extended very fair to 
the Southward and Weftward. 

5th. 
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5th. The probability of getting the fliips oiit ap- 
pearing every hour left, and the feafon being al- 
ready far advanced, fbme ipcedy refolution became 
neceiliary as to the fteps to be taken for the pre- 
lervation of the people. As the lituation of the 
fliips prevented us from feeing the ftate of the ice 
to the Weftward, by which our future proceedings 
muft in a great meafure be determined. I fent 
Mr. Walden, one of the midlhipmeri, with two 
pilots, to an ifland about. twelve miles off^ which 
I have diftinguifhed in the charts by the name of 
Walden's Ifland, to fee where the open water lay. 

€th. Mr. Walden and the pilots, who were fent 
the day befcve to examine the ftate of the ice from / 
the ifland, returned this mcMrning with an account, / 
that the ice, though clofe all about us, was open t^ 
the Weftward, round the point by which we carrte 
in. They aMb told me, that when upon the iflarid 
they had the wind very frefh to the Eaftward, 
though where the (hips lay it had been almoft ^ 
calm all day. This circumftance confiderably j 
leffened the hopes we had hitherto entertained of / 
the immediate efFeft of an Eafterly wind in clearing / 
the bay. We had but one alternative j either pa- / 
tiently to wait the event of the weather upon the 
fhips, in hopes of gettiltig tWem out, or to betake 
ourfclves to the boats. The (hips had driven into 
ihoal water, having but fourteen fathom. Should 
tliey, or the ice to which they were farfl, take the 

F ground. 
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ground, they muft be inevitably loft, and probably 
overfet. The hopes of getting the fhips out wis 
not haftily to be relinquifhed, nor obftinately ad- 
hered to, till all other means of retreat were cut off. 
Having no harbour to lodge them in, it would be 
impoffiblc to winter them here, with any probability 
of their being again ferviceable ; our provifions 
would be very fliort for fuch an undertaking, were 
it otherwife feafible ; and fuppofing, what appeared 
impoffible, that we could get to the neareft rocks, 
and make Ibme conveniences for wintering, being 
now in an unfrequented part, ' where (hips never 
even attempt to come, we fliould have the fame 
difficulties to encounter the next year, without the 
fame refources; the remains of the fliip's company, 
in all probability, not in health •, na provifions 5 
and the fea not io opei), this year having certainly 
been uncommonly clear. Indeed it could not have 
been expeded that more than a very fmall part 
fliould furvive the hardftiips of fuch a winter with 
every advantage -, much lefs in our prefent fituation. 
On the other hand, the undertaking to move fo 
large a body for fo confiderable a diftance by boats, 
was not without very ferious difficulties. Should 
we remain much longer hete, the bad weather 
muft be expedted to fet in. The ftay of the Dutch- 
men to the Northward is very doubtful : if' the 
Northern harbours keep clear, they ftay till the 
beginning of September 5 but when the loofe ice 
fets in, they quit them immediately. I thought it 

proper 
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Proper to fend for the officers of both ftiips, and 
/iiformed them of my intention of preparing the 
boats for going away. I immediately hoifted out 
the boats, and took every precaution in my power 
to make them fecure and comfortable : the fitting 
would neceflarily take up fome days. The water 
flioaling, and the (hips driving faft towards the 
rocks to the N E, I ordered canvafs bread-bags to 
be made, in cafe it Ihould be neceflary very fud- 
denly to betake ourfelves to the boats : I alfo fent a 
man with a lead and line to the Northward, and 
another from the Carcafi to the Eaft ward, to found 
wherever they found cracks in the ice, that we 
might have notice before either the (hips, or the 
ice to which thiey were faft, took the ground ; as 
in that cafe, they muft inftantly have been cru(hed 
or overfet. The weather bad ; moft part of the 
day foggy, and rather cold. 

7th. In the morning I fet out with the Launch 
over the ice ; (he hauled much eafier than I could 
have expedted; we got her about two miles. I 
then returned with the people for their dinner. 
Finding the ice rather more open near the (hips, I 
was encouraged to attempt moving them. The 
wind being Eafterly," though but little of it, we fet 
the fails, and got the (hips about a mile to the 
Weftward. They moved indeed, but very flowly, 
and were not now by a great deal Gy far to the 
Weftward as where they were bcfct. However, I 

F z kept 
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^ kept all the fail: i^n them, to force through when- 
^evcr the ice flacked the leaft. The people behaved 
very well in hauHng the boat ; they feemed recon- 
ciled to the idea of quitting the fliips, and to have 
^he fulleft confidence in their officers. ' The boats 
could not with the greateft diligence be got to the 
/ w^ter fide before the fourteenth ; if the fituation of 
.the fliips did not alter by that time, I (hould not be 
juftified in ftaying longer by them. In the mean 
jtime I refolved to carry on both attempts together, 
moving the boats couftantly, but without omitting 
any opportunity of gettii^ the (hips through. 

8th. At half paft four, fent two'pilots with three 
men to fee the ftate of the ice to the Weftward, 
that I might judge of the probability of getting the 
Ihips out. At nine they rctui^ned, and reported the 
ice to be very heavy and clofe, confiding chiefly of 
large fields. Between nine, and ten this morning, 
J fet out with the people, and got the Launch above 
three jniks, The Weather being foggy, and the 
people .haying worked hard, I thought it beft to 
return on boar^l between fix and feveh. The (hips 
had in:tbe mean time ipovcd fomething through 
the ice, and the ice itfelf had drifted ftill more to 
jhe Wefl:\yard. At night there was litde wind, 
§nd ^rthick fpg, fo that I could not judge prccifely 
pf the advantage we had gained ; but I .ftill feared 
that, however flatter^iiPg, it was notfiichastojuftify 
r . - my 



Aug.] J, o u R N A L. e^: 

my giving up the idea of moving the boats, the 
feafon advanctng fo faft, the prefer vation of the • 
fhips being fo uncertain, and the fituation of the 
people fo critical. 

9th. A thick fog in the morning: we moved 
the fhip a h'ttle through fome very fmall openings. 
In the afternoon, upon its clearing up, we were a- 
greeably furprized to find the fhips had driven much 
more than we could have expedcd to the Weft- 
ward. We worked hard all day, and got them 
fomething more to the Weftward through the 
ice; but nothing in comparifon to what the ice it- 
felf had drifted. We got paft the Launches-, I 
fent a number of men for them, and got them on 
board. Between three and four in the morning the 
wind was Wefterly, and it fnpwed faft. The peo- 
ple having been much fatigued, we were obliged to 
defift from working for a few hours. The pro- 
grefs which the fhips had rnade . through the ice 
was, however, a very favourable event: the drift 
of the ice was an advantage that might be as fudr 
denly loft, as it had been unexpeftedly gained, by 
a change in the current : we had experienced the 
inefficacy of an Eaflerly wind when far in the bay, 
and under the high land ; but having now got 
through fo much of the ice, we began again to con- 
ceive hopes that a briik gale from that quarter 
Would foon effedually clear us. 

F 2 loth. 
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loth. The wifld fpringing up to the NNE ia 
the morning, we fet all the fail we could upon the 
Ihip, and forced her through a great<deal of very 
heavy ice : (he ftruck often very hard, and with 
one ftroke broke the (hank of the beft bower an- 
chor. About noon we had got her through all the 
ice, and out to fea. I flood to the N W to make 
the ice, and found the main body juft where we 
left it. At three in the morning, with a good breeze 
Eafterly, we were (landing to the Weftward, be- 
tween the land and the ice, both in fight; the 
weather hazy. 

nth. Came to an anchor in the harbour of 
Smeerenberg, to refrefH the people after their fa- 
tigues. We found here four of the Dutch (hips, 
whiqh we had left in the Norways when we failed 
from Vogel Sang, and upon which I had depended 
for carrying the people home in cafe we had been 
obliged to quit the (hips. In this Sound there is 
good anchorage in thirteen fathom, fandy bottom, 
not far from the flipre : it is well (heltered from all 
winds. The ifland clofe to which we lay is called 
Amfterdam Ifland, the Wefternmoft point of 
which is Hacluyt's Head Land : here the Dutch 
ufed formerly tq boil their whale-oil, and there*, 
mains of (bme conveniencies ereded by them for' 
that purpofe are ftill vifible. Oi:ce they attempted 
to make an eftablifhment, and left fbme people to 
winter here, who all perifhed. The Dutch (hips 

ftiU 
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ftill refort to this place for the latter feafonof the 
whale fifhery. 

1 2th. Got the inftruments on fhore, and the tent 
pitched ; but could not make any obfervations this 
day or the next, from the badnefs of the weather, 

13th. Raidj and blowing hard: two of the 
Dutch (hips failed for Holland. 

14th.. The weather being fine and little. wind, 
we began our obfervatiops, 

r 

18th. Completed the obfervations. Cairn all 
day. During our ftay, I again fet up the pendu- 
lum, but. was not fo fortunate as before, never hav- 
ing been able to get an obfervation of a revolution of 
the fun, or even equal altitudes for the time. We 
had an opportunity of determining the refradlion ac 
midnight, which anfwered within a few feconds 
to the calculation in Dr. Bradley's table, allowing 
for the barometer and thermometer. Being within 
fight of Cloven Cliff, I -took a fiuvey of this part of 
Fair Haven, to connect it with the plan of the. other 
part. Dr. Irving climbed up a mountain, to take 
its height with the barometer, which I determined 
at the fame time geometrically with great care. By 
repeated obfervations here we found the latitude to 
be 79^.44', which by the furvey correfpoaded 
exactly with the latitude of Cloven Cliffy determin- 
ed before; the longitude 9° 50' 45" E; dip 8a** 
i^ ii variation 18° 57' Wi which agrees alfo with 
F 4 the 
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the obfervation made on (hore in July. The tide, 
flowed here half paft one, the fame as kv. Vogel 
Sang harboun 

Oppofite to the place where the inftrukients; 
ftood, was one^of the moft remarkable kebergs ia 
this country. Icebergs are large bodies df ice filling; 
the vallies between the high mountains ^ the face 
towards the fea is nearly pei'pendicular, and of a 
very lively light green colour. This was about 
three hundred feet high, with a cafcade of water 
ifliiing out of it. The black mountains, white 
fnow, and beautiful colour of the ice, make a very 
romantick and uncommon pidure. L,arge pieces 
frequently break off from th^ Icebergs, and fall 
with great noife into the water : we obferved one 
piece which had floated out into the bay, andj 
grounded in twenty-four fathom ; it was fifty feet 
high above the furface of the water, and of the 
feme beautiful colour as the Iceberg. 

A particular defcription of all the plants and ani- 
mals will have a place in the Appendix. I ftiall 
here mention fuch general obfervations as my 
fltort fl:ay enabled me to make. The fl:dne we 
found was chiefly a kind of marble, which diflblved" 
cafily in the marine acid. We perceived no marks: 
bf minerals of ^y kind, nor the leafl: appearance 
of prefent, or remains of former Vofcano^s. Nei-* 
ther did we meet with infefts, or any fpecies of 
reptiles; not even the common earthworm. We 
faw no fprings or rivers, the water, which we 

found 
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found in great plenty^ being all prcxluced by the 
mekii^ of the fcpw from the raouataios. During 
the yihol^ tinae \wc were in- ihefe Utitivies^ there 
"WW no tbupder or .lightning, I wuA aKb add, that 
! aever found what «& mentioned by Marten (who 
i&geqerally accurate, in bis obfervatioas, and fsuth- 
fi^ io his accouats) of the iiui at midnight rcfem- 
bifiag in ap{iearanQe the moon ^ I Ct^xf, no difference 
ii) clear weather between the fun at midnight and 
aay other tioie^ but wbat aco& from a different 
d^ee of altitude ^ the brightne£s of the hght ap- 
pearing there, as well as clfcwhere, to depend up* 
on the obKquityof his rays. The iky was in ge- 
neral loaded with hard white clouds ; fo that I do 
not renaember to have ever feen the lun and the 
horizon both free from them even in the clearefl: 
weather. We could always perceive when we 
were approaching the ice, long before we faw it, 
by a bright appearance near the horizon, which the 
pilots called the kk'nk cf the ice. HudPon remarked,, 
that the fea where he mqt with ice was blue;, but 
the green fea was free from it. I was particularly 
attentive to obferve this diflference, but could never 
difcern it. 

The Driftwood in thefe feas has given rife to 
various opinions and conjeftures, both as to its 
nature and the place of its growth* AH that which 
we faw (except the pipe-ftaves taken notice of by 
Doftor Irving on the Low Hland) was fir, and not 
worm-eaten.. The place of its growth I had no 
cpportumty of afcertaining. ^ The 
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The nature of the ice was a principal objeft of 
attention in this climate. We found always agreat 
fwcll near the edge of it; but whenever we got 
within the loofe ice, the water was conftantly 
fmooth. The loofe fields and flaws, as well as the 
interior part of the fixed ice, were flat, and low : 
with the wind blowing on the ice, the loofe parts 
were always, to ufe the phrafe of the Greenland- 
men, packed \ the ice at the edges appearing rough - 
and piled up ; this roughnefs and height liniagine : 
to proceed from the ftnaller pieces being thrown up ' 
by the force of the fea on the folid part. During 
the time that we were fitft amongft the Sever! 
Iflands, we had frequent opportunities of obferving* 
the irrefiftible force of the large bodies of floating ' 
ice. We have often feena piece of feveral acres 
fquare lifted up between two much larger pieces, ' 
and as it Were becoming one with them; and af- 
terwards this piece fo formed afting in the fame 
Eftanner upon a fecond and third ; which would i 
probably have continued to be the efFeft, till the 
whole bay had been fo filled with ice that the dif- 
ferent pieces could have had no motion, had not 
the ftream taken an unexpected turn, and fet the 
ice out of the bay, 

19th. Weighed in the morning with the wind at 
NNE. Before we got out of the bay it fell calm.' 
I obferved for thefe three or four days, about eleven ' 

in the evening, an appearance of dulk. 

^oth. 
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i^pth. At midnight, being exadly in the latitude 
€f Cloven Clifl, Mr. Harvey took an obfervatioa 
for the refr^dtion ; which we found to agree with 
the tables. The wind Southerly all day, blowing 
frefli in the afternoon. About nopp fell in with « 
ilream of loofe ice, and about four made the maia 
ice near us. We ftood to the W N W along it at 
night, and fopnd jt in the fame fituation as wheq. 
we faw it before ; the wind frelhened and the wea- 
ther grew thick, fo that we loft fight of it, ^nd 
could not venture to ftand nesjrer, th^ yvin^ being 
SSW, 

2 1 ft. At two in the morning we were clofe ia 
\vith the body of the Weft ice, and obliged to 
tack for it ; blowing frelh, with a very heavy fea 
from the Southward. The wind abated in the af- 
ternoon, but the fwell continued, with a thick fog. 

"\ 22d. The wind fprung up Northerly, with a 
thick fog ; about ribon moderate and clearer ; but 
coming on to blow frefh again in the evening, with 
a great fea, and thick fog, I was forced to haul 
more to the Eaftward^ left we (hould be embayed, 
or run upon lee ic^. 

'll^he feafon was fo very far advanced, and fogs 
as well as gales of wind fo much to be expedled, 
that nothing more could now have been done, had 
any thing been/ left , untried. The fummer ap- 
pears to have been uncommonly favourable for our 

purpofe, 
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purpofc, and aflfbrded us the fuUeft opportunity of 
afccrtaining' repeatedly the fituation of that wall of 
ice, extending for more than twenty degrees be- 
tween the latitudes of eighty and eighty-one, with- 
out the fmalleft appearance of any openings 

I ihould here conclude the account of the vpy- 
flfge, had not fbme obfervations and experiments 
occurred on the paflage home. 

In fteering to the Southward we foon found the 
weather grow more mild, or rather to our feelings 
warm. Auguft 24th, we faw Jupiter : the fight 
of a ftar was now become almofl: as extraordinary 
a phenomenon, as the fun at midnight when we 
firft got within the Arftic circk. The weather 
was very fine for (bme part of the voyage ; on the 
4th of September, the water being perfeftly fmooth 
with a dead calm, I repeated with fuccefs the at- 
tempt I had made to get foundings in the maia 
ocean dt great depths, and ftruck ground in fix 
hundred and. eighty-three fathoms, with circttro- 
ftances (which will be mentioned b the Appendix> 
that convince itae. I was not miftaken in the depth 5 
the bottom was a fine foft blu.e clay. Fron) thei 
7th of September, when we were off Shetland, 
till the 24th, when we made Orfordnefs, we had 
very hard gales of wind with little intcrmtffion^ 
which were conftantly indicated feveral hours be- 
fore they came on by the fall of the barometer, 
and rife of the manometer : this proved to me the 

titility 
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utility of thofe bftr ucnencs at fea. Id one of theie 
gal^s, the hardeft) I think, I tyer was in, and witli 
the greateft Tea, we loft three of our boats, and 
were obliged to heave two of our guns overboard, 
and bear away for fontie time, though near a lee 
ihore, to clear the, (hip of water. 1 cannot omit 
this opportunity of repeating, that I had the great- 
eft reafon on this, as well as every other critical ot- 
caHon, to be fatisfied with the behaviour both of 
the officers and feamen. Inoneof thefe gales on the 
1 2th of September, Dr. Irving tried the tempera- 
ture of the (ea in that ftateof agitation, and fouqd 
I it confiderably warmer than that of the atmofphere. 
Thisobfervation is the more interefting, as it agrees 
With a pafTage in Plutarch's Natural Qiieftions, riot 
(1 believe) before taken notice of, or confirmed by 
experiment, in which he remarks, ** that the fea 
" becomes warmer by being agitated in waves." 

The frequent and very heavy gales at the latter 
end of the year, confirmed me in the opinion, 
that the time of our failing from England was the 
propereft that could have been chofen. Thefe 
gales are as common in the Spring as in the Au- 
tumn : there is every reafon to fuppofe therefore, 
that at an early feafon we fliould have met with the 
fame bad weather in going out as we did on our 
return. The unavoidable neceffity of carrying a 
quantity of additional ftores and provifions, ren- 
dered the ftiips fo deep in the water, that in heavy 
gales the boats, with many of the ftores, muft pro- 
bably 
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OiSERVATioNS on difKeretit Methods of mea* 
furiog a Ship's Way. 

THE degree of accuracy with which the di- 
ftance run by a (hip can be meafured, is a 
thing of great importance, but unfortunately not 
eafily to be afcertained, from the great variety of cir- 
<:um(lances which may occafion errors in the reck- 
oning, and which, though not depending upon the 
meafure of the (hip's way, may in voyages not near- 
ly upon k meridian be confounded with thofe that 
do. The circumftances of the prefent voyage gave 
jtne the faireft opportunity of trying this experi- 
ment, the weather being fine, and the courfe very 
iiearly upon a meridian ; to that an error of one 
point could not make more than the difference of 
one mile in fifty in the diftance. When the diffe- 
rence of latitude is the fame as the di(lance, it 
gives frequent opportunities of comparing the reck- 
oning with the ob(crvation, and whatever error is 
found muft be attributed to the imperfe<5tions in 
the manner of meafuring the diftance. Moft of 
the writers on this fubjeft have attributed the er- 
rors to a fauky divifion of the log-line. 

Before Norwood meafured a degree, the length 
of a minute had been erroneouQy fuppofed 5009 
feet i in confequence of which, the log line, from 
the firft ufe of that inftrument about the year 1 570, 
was iavariably marked forty-two feet to thirty f<^ 

K 4ond3. 
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conds. Norwood, when he publiflied his Seaman's 
Pradice, ftated the triie meafure to be fifty-one 
feet to thirty ftconds ; but, as the (hip would really 
run more than is given by the log, and it is right 
to have the reckoning ahead of the (hip, he recom- 
mended marking the log line fifty feet to thirty fe- 
conds. It does not appear at what time an altera- 
tion either in the marking the log, or the length 
of the glaft, took place in confequence of thefd 
obfervations : Sir Jonas Moore in his Navigation 
which was publifhed in the reign of Charles II. 
mentions^ that the feamen, having found the old 
log not to anfwer, had (hortencd the gla(s to 
twenty-five feconds, which was equal to a lind 
marked fifty feet with a glafs of thirty feconds •' 
but he rather recommends reftoring the half mi- 
nute gla(s, and making the correftion on the line. 
Since that time the feamen, whether from finding 
the allowance of one foot in fifty not a fufficient 
compenfation for the accidental errors to which the 
log is fubjed, or from a preference of a mcafiire 
nearly equal to the ftatute mile, have ufed a line of 
forty five feet to thirty feconds, or a glafs of 
twenty-eight feconds to forty-two feet. 

All the writers I have met with, who have treat- 
ed of the log, except Wilfon, have complained of 
the (eamen not having adhered to Norwood's mea- 
fure. Norwood himfelf, however, feems to have 
been aware of the neceflity of fubmitting to the 
tcft of exf eriment the advantages of a new mea- 

furement 
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fiirement derived from theory. In the preface to 
his SeamaiCs Praaice he fays, " Becaufe I am per- 
•• iuaded we have at this day as many excellent na- 
^ vigators in this kingd(»n, and as great voyages 
** performed, as from any other place in the worlds 
^ I fliould be glad to hear of the experimental re- 
" folution of this problem by fome of them, though 
V i( were but running eight or ten degrees ffeeac the 
^* meridian \ for (b I doubt not but what I have 
*^ here written thereof, would receive further con- 
^Vfirmation and better entertainment than happily 
** it will BOW, being (b much different from the 
*^common opinion." 

Had the errors in;thied[i(lance arilen only from 
a fault in marking the line, nothing would have 
been more eafy than to have removed that diffi* 
culty, by comparing carefully the different mea- 
fures with the obfervations, and adhering to that 
which had been found to correfpond beft with them. 
But the diftance meafured by the log being ren-? 
dered uncertain by many accidental circumftances, 
it becomes difHcuIt, or rather impofTible, to find 
any length of line which will fhew invariably the 
diftance run by the (hip, or even toafcertain with 
precifion that meafure which will at all times come 
neareft the truth. Some of thefe circumftances 
are: 

1. The efFedls of currents. 

2. The yawning of the (hip going with the 
wind aft, or upon the quarter, when (he is feldom 

K % llecr^ 
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fieered within a point each way : this I mention a^ 
an ecnnr in the diftance, aad not in thecourfe; 
fiece, though die fliip by bctng yawed equally 
each way may make the intended conrfe ^)od upon 
the whole, yet the diftance wiU; be (hortencd as die 
verfed fine of the angle between the Kne intended 
and that fteered upon. 

5. By the fliip being driven on by the fweB, or 
the log during the time of heaving being thiowri 
up nearer the fliip. 

4. By the log comir^ bomcyor being drawn after 
the (hip^ by the fridKon of the reel and the Kght- 
nefs of the log. Norwood mentions thefe two hrft, 
and fays, ** For thefe caufcs, it is Hke, there may 
** fbmetimes be allowed three or four fathoms more 
•* than is veered out ; but this, (as a thing muiaMe 
•* and uncertain) being (bmetimcs more, (bmedmes 
••^ Icfs, cannot be brought to any certain rule, but 
*^Tuch allowance may be made as a man in his es* 
'^perience and difcretion finds fit." 

5. By the log being only a mean taken every 
hour, and confcquently liable to error from the 
variations in the force of the wind during the in- 
tervals, for which an arbitrary corredion is made 
by the officer of the watch -, and though men of 
Ikill and experience come near the truth, yet this 
allowance mufl, from its nature, be inaccurate. 
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Tilde cifx:umflai3ces did not cfeapc M. Biu- 
guer's attention, and his ingenuity (uggoftcd to 
him an improvement of the common log, which 
vouM correA the errors likely to arifc from the 
tatjft mateml of thcfe circwitiftatrces : a deicription 
«f this improvement he puWilhed at large in the 
Memoirs of the Academy of Sciences for the year 
1747 ; ^* ^^ ^^^ *^^^" abridged in the edition of 
his Navigation by De la Caiile. It appears extra- 
ordinary that this log (hould never have been made 
oft of by others -, — ^the great fepcHation of the au- 
thor, as wcB as the very good reafons he offers in 
favour of his improvement, were ftifficient induce- 
ments to me to try the experiment. 
In the log which I made uie of. 
The length of the cone was — 12 inches. 
The diameter of the btfe — 5— 
The weight of the cone — — 25 ounces. 
The diagonal length of the diver 14 inches. 
The length of each fide — — ^i* ' 
The weight of the diver — 26 iounces; 
The length of line from the diver to the oonc^ 
50 Feet; the log line 51 feet to a knot. 

Whether M. Bouguer's log will (as he expedled) 
corredl the errors arifing from currents in the com- 
mon log, I had no opportunity of difcovering in 
this voyage. 

The fecond error, which no log will correft, 

cannot be attended with any bad effeft, as it muft 

K 3 make 
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make the reckoning, in whatever degree it takes 
place, ahead of the (hip. 

By obferving M. Bouguer's rules in comparing 
it with the common log, which for that purpofe 
muft be reckoned at fifty-one feet, it Will, I tbink^ 
very fully corrcdk the third and fourth, which are 
the moil material errors ^ as the agitation of the 
fea from winds does not exceed the depth to which 
the diver is let down, and the weight of the whole 
machine prevents thefridtion of the reel from hav- 
ing an efFedt in any degree equal to that which jit 
has on the common log. 

The fifth arifcs from the imperfeftionithasin 
common with the log generally ufed. 

At firft, on the paflage out, I contented myfelf 
with having Bouguer's log occafionally, to obferve 
what precautions were neccflary to be taken to 
prevent errors, as well as to find whether its varia* 
tionsfrom the common log were on the fame fide as 
the meridian obfervation required. I found that it 
was neccflary to take care that the divfer (hould be 
of fqch a weight as to let only the top of the cone 
fwim ; but not heavy enough to fink it, as in that 
cafe it would be liable to an error in excefs, by mea- 
furing the depth that the diver would fink in addi- 
tion to the (hip's way. It was neceiTary to put a 
weight of lead to the bottom of the diver, to fink 
i^ dQwa to its place before the ftray line was out. 

The 
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The line between the diver and the cone (hould 
not be more than fifty feet, that being as great a 
depth as it will fink to whilft the ftray line is rira- 
ning off the reel when the fliip has much way 
through the water. 

On the paffage out, the longeft period of my 
trying this log between two obfervations, was from ' 
th^ twenty-fifth to the thirtieth ; in which time 
the /hip had run four degrees, and the reckoning 
by Bouguer's log was eighteen miles aftern of the 
fliip : but as it appears that the (hip on the twenty- 
fixth, with the wind Northerly, and making barely 
an Eaft courfe, was found by the obfervation to be 
twenty miles to the Northward of her reckoning, 
that diftance muft be attributed to a current ; there- 
fore if that current had not taken place, Beuguer's 
log would have been, inftead of eighteen miles 
aftern, two miles ahead of the (hip. 

On the paflTage home it v/as tried from the lati- 
tude of eighty degrees eleven minutes to fixty-eighc 
degrees eleven minutes ; in which diftance, though 
the (hip was much yawed from the fea being fre- 
quently upon the quarter, this log was only thirty- 
one miles ahead of the (hip, which might be owing 
entirely to that circumftance without any other caufe. 
The ftate of the common log on the paflage out, 
when the weather was remarkably fine and water 
in general fmooth, was, from the latitude of fixty 
degrees thirty-feven minutes to fcventy-eight de- 
grees eight minutes, with the line marked fifty- 
K 4 one 
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one feet to thirty feconds, one degfee fifty-eight 
minutes aftern of the fhip, with the line marked 
forty-five feet to thirty feconds, four miles ahead 
of the (hip. On the paflage home, the log at 
fifty-one feet to thirty feconds, thirty-five miles 
altera of the (hip ; at forty-five to thirty feconds, 
one degree fevcn minutes ahead of the flifp. A« 
far therefore as the experience of this voyage ex* 
tends^ it appears that the errors of the log marked 
forty-five feet are always on the fafe fide> and 
that thofe of the longer marked line are always 
(hort of the run ; but that Bouguer*s is much more 
accurate than either. 

' It is not to be expedted that the obfervations of a 
fingle voyage can be fufficient to determine the me- 
Htof any inftrument, particularly one of fo much 
tonfequence as the log. I thought it right, howe- 
ver, to give an iaccount of the trial I made of the 
different methods, and of fuch remarks as occured . 
to me. 

In the following table the courfe is put down, in 
the firft colum, for all the diftanccs and latitudes i 
after the diftance and latitude, according to each' 
marking of the log, there is a column for the dif- 
fJerence between that latitude, and the latitude ob- 
fcrvcd. I thought it bed to continue the reckon-- 
ings without corrections, as if there had been no 
obfervation, in order to (hew the difference upon* 
the whole run, aswcHasfromoneobfervationtoan-i 
other. - TABLE 



By the Co 
marke 



Day of the 
Month. 



Courfe. 




N 27 E 
'N 7 E 
N 7 W 
N 4 W 
ju^ E 



Diftance. 



27 
136 

54 



Latitude 
I by . 
Account. 



60 


3 


62 


5 


05 




65 


5' 


66 


4; 



• I 
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I alfo tried two perpetual logs; one invented by - 
Mr. RufleU, the other by Foxoq, both conftrodted 
upon this princiide, that a Sph-al, in proceeding 
its own length in the diredionof its axis through a 
refifling medium, makes one revolution round the \ 

axis; if therefore the revohitions of the fpiral are \ 

regiftered, the number of times it has gone its own I 

lei^tl; thraogh the water will be known. In both \ 

thefe the motion of the i^iral in the water is cam* 
municated to the clock-work within board, by 
means of a (mall line, faftened at one end to the 
{piral, which tows it after the (hip, and at the other 
to a fpindle which fets the clock-work in motion. 
That invented by Mr. Ruflell has a half fpiral of 
two threads, made of copper, and a fmalldial with 
ckfck-work, to rcgifter the number of turns of the 
i^ral. Foxon*s has a whole fpiral of wood with one 
thread, and a larger piece of clock-work, with 
three dials, two of them to mark the diftance, and 
the other divided into knots and fathoms, to (hew 
the rate by the half minute glafs, for the conve- 
nience of comparing it with the log. 

• This log, like all others, is liable to the firft 
drror, as well as to the fecond. The third it par- 
takes of in a very fmall degree, only afFedling the 
reckoning by that quantity which the fpiral is 
thrown towards the fhip; whereas in the log the 
fame circumftance afFcdts the whole rate for the 
hour. The fourth it is entirely free from, as well 
K 6 as 
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as the fifth. It will have the advantage of every 
other in fmooth water and moderate weather^ 
when it is neceffary to (land on one courfe for any 
particular diftance, efpecially in the night, or a fog^ 
as it meafures exadly the diftance run. It will alfo 
be very ufeful in finding the trim of a (hip, whea 
alone; as well as in furveying a coaft in a fingle (bip^ 
or in meafuring diftances in a boat between head- 
lands or Ihoals, when a bafe is not otherwife: to be 
obtained ; both which it will do with thcgreateft ac- 
curacy in imooth water, with a large wind, and no 
tide or current. But notwithftanding thefe advan- 
tages, which will make it very lifeful and worth 
having, I doubt much whether it naight ever be 
fubftitutcd entirely in the room of the common log. 
Machines eafily repaired or replaced have advan- 
tages at fea, which (hould not lightly be given up for 
others more (pecious. 
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Observations on the Ufe of the Megametsr 
in Marine Surveying. 

THE greatcft difficulty in marine furveying is 
that of obtaining an accurajte bafe, from the 
extremities of which the angles may be taken mth 
J)recifion, for ascertaining the bearings and diftancc. 
of headlands and (hoals, when eitheir want of time 
or other circumftances make it impradlicable to 
land and meafure a bafe. The ufual way is, to 
cftimate the diftance by the log, and to take the 
angles by the compafs. This method is liable to 
many errors, and affords no means of correcting 
or difcovering them. The Megameter, conftrud- 
ed upon the principles of the objeft-glafe micro- 
meter, defcribed by M. de Charniere and applied 
by him to find the longitude at fea, I thought 
might be ufefully applied to marine furveying. 
That which I ufed was made by Ramlden, with 
ibme improvements. The advantages I imagined 
might be derived from this inftrument were, a 
more corredt and expeditious manner of determining 
the pofition of coafts, and the diftance of Ihoals or 
the (hip from headlands. This inftrument being 
divided to ten feconds, an angle may be taken by 
it with great accuracy to five feconds. The height 
of a ftiip'smaft-head above the water being known^ 
it is eafy to find with this inftrument, by a finglc 
obfervationi the diftance between two (hips, and 

con- 

4?774i 
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confequently to determine a bafe. The angles 
bdng taken vidi ai) Hadley's qoadmt from eacb 
of the (hips, to the objeds wfaofe fituations are de- 
figned to be aicertained, the dillance may be found ; 
and, ponfequently, their lelative fitnadons. If 
there is a megameter ia each ihipy the altitudes 
taken from both ihips at cne infiant, and the 
angles of the different parts of the coaft intended 
to be furveyed obferved with an Hadley*s quadrant 
at the &xnt timeii will give the fituation with more 
accuraqf and eicpedition than any mediod of farve^r- 
ing from (hips hitherto pradifed ; with the farther 
advantage of the certain means of detecting any 
error in the obfervation^ fb as to ju<|ge whether it ia 
of fuffici^nt importance to be atliended to. The 
only precautbns necei&ry are ; to make the obfeT' 
rations at the fame inftant, to prevent their bdng 
afiedted by any alteration in the relative position of 
the (hips, as a very fmall one there would occafion 
a coofidcrable error in the diftanoc; and to be care- 
ful in chufmg objedls fufficiently defined and re- 
markable. This method of furvcying has the fur- 
ther advantage of giving the fcale of a coafl ; Sea- 
men^ though they judge very accurately of their 
diftance from places upon coafts well known to 
them, are very often miflak^n when they fall in 
with land they have never fcen before ; of which 
we had, at firft, fbme inflanccs in this voyage, the 
height of the mountains, before we knew the fcale 
of the coaftp making us jalwayj think ourfclvcs 

nearer 
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nearer the land than we really were. Where the 
coaft is at all h^h, the megameter afK>rds a very 
accurate and expeditious method of determining 
the height of all the points, when their diftaoces 
are found \ and thence, the heights being^known^ 
of afceriaminf immediately by a Angle obWrvatioa 
the fitaation of the fi)ip, or the latitude of any 
point by the bearings at the time of a meridian 
obfervation ; the direction and rate of currents or 
tides may alfo be found m this manner with gjreu 
accuracy. I made feveral obfervations during this 
voyage with the megameter, fome of which I (hall 
give as examples ; they were CufBcient to prove to 
me the great accuracy that may be attained with 
this inftrument after fome pradtice. The utility of 
fuch a method of obtaining a furvey on an enemy's 
or undcfcribed coaft^ as well as that of being able 
to prove the truth of charts by a fingle obfervation, 
is obvious. 

June the fifteenth, the (hip being in latitude 60^ 
19', longitude 0° 39' W, HangdifFbore S 63^00' 
W ; variation, 23^ W. 

The altitude of the Carcafs's maft, by the mega- 
mcter,. was 35^^ 48''; height of the maft, ioz,75 
feet ; hence the diftance between the Racehorfe 
and Carcafs was 9861 feet : angle between the 
Carcafe and Hangdlffi 85*^ 48' » between the Race- 
horfe and Hangclifii 87^ .00' ; From whence the 
difference of latitude was found iQ' S ; difference 
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of longitude 17' W. Therefore, the latitude of 
HangclifF is eo"* 9' 5 longitude o** 56' W. 

July the fecond, to. try hew far the meganieter 
could be depended upon, lobferved the altitude of 
the Cafcais'smaft ^^..23' 48"; the togle between 
the main-yard and main-topfail yard, o"* 44' 26", ; 
hence thediftance between the main-yard and main* 
top(ail yard came out — 3 *>750 feet* 

By meafurement it was found 349 1 25 feeti 

Difference 2,375 feet. 



The diftance between the two (hips, deduced 
from the altitude of the maft, was 2457 ^^^^* 

By the angle of the main and main-top(aiI 
yard, the diftance between them being . 
34ii25feet, — — 2640 feet. 

Difference 1 83 feet. 

Which is not more than the (hips might have 
changed their pofition in the time of reading off and 
ietting down the firft ob(ervation before taking the 
lecond. 

An error of ten (econds in the obfcrvationof the* 
angle fubtended by the maft at this diftance, would 
make an error of two feet and three quarters in 
the diftance. At the diftance of a nautical mile it 
would produce an error of fixtecn feet. At other 
diftances the error decreafes as the fquares of the 

diftances 
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diftances decreafe; and at other heights it decreafes 
as the heights decreafe. 

Whenever the diftance of the obje6t,whofe angle 
is taken by the megameter, does not exceed that 
of the vifible horizon, the very fmall portion of the 
earth's furface intercepted between the objedl and 
obferver, may be confidered as a plane, to which 
the objed is perpendicular, and the diftance may 
be concluded by refolving the right-angled triangle, 
formed by the upright objed, and lines drawn from 
the obferver's ftation to the top and bottom of it. 

But in greater diftances, the bottom of the objedl 
being concealed from the fight of the obferver, it 
becomes neceflfary to have recourfe to a difierent 
calculation. 

The only cafes which can occur in practice are 
two; the one when the height is given to find the 
diftance ; the other when, the diftance being known, 
the height of the object is to be deduced from the 
obfervation : both which are cafily Iblved by the 
following pradical rules. 

To find the Diftance. 
To the apparent altitude of the objeft above the 
fenfible horizon, add the complement of the dip 
anfwering to the height of the obferver's eye above 
the fea ; the fum is the angle B AE (fig. 1.) -, and 
fey : As the femi-diameter of the earth increafed 
by the height of the objed, is to the femidiameter 
increafed by the height of the eye ; fb is the fine of 

BAE, 
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BAE, to another fine, which is that of the angle 
B ; the difference between r So^, and the fum of 
the two angles B AE and B, is the value, in de- 
grees and minutes, of the arc GC of the earth's 
furface intercepted between the eye and objecl. 
Multiply the number of minutes and decimal parts 
of a minute in thi^ arc by the value of one minute 
in miles, fathoms, or fuch meafure as may be moft 
convenient^ and you will have the diftance in the 
like meafure. 

EXAMPLE. 

The height of Snow Peak being 1 503 yards, its 
apparent altitude above the horizon of the iea was 
obfef ved to be ~ — i** 47' 6' 

The height of the eye being 16 feet» 

thecompknoentof thedipis 82^ 56' n^' 

ThefumisEAB 91^ 43' if 

To the femidiameter of the earth 

in yards 6966382 - - 6966382 
Add the height Add the height 

of the objedt 1 503 of the eye 5 j 

SeiDidiam. + Semidiam. + 

height of the height of 

objeA 6667885 the eye 6g663Sji 

As 
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As 69(57885 Co. Ax. 3,1568990 
To 6966^37 i 6,8430076 

So is Sine E A. B 9p» 43' 17" 9.9998040 

To fine B 87 54 30 49,9997106 

119 37 47 

Subtrafted from lEo o o 



o 22 13 thediftance. 
Tjbercfore the diftagce is fLZ^zz muwtes, or nautical 

mile^. 
This muhipKcd by - 2040 the number of yards 

in one minute. 

The produft 45328,8 is the diftance in 
yards. 



To find the Height. 

To the apparent a.li;itude of the objedl aboye the 
fenfible horizon, add the complement of the dip an- 
fweriflg to the height of the obferver's eye above the 
fcjj^^ ti^e funi is the angle B A E ; to this add the ho- 
rizontal diftance of the eye fnd objed in degrcjes 
a«d .minviic?, and fubtradt the fotp from i So"*, the 
rfiOMuader k^the angle B : then fay, as the fine of 5 
is to- the fine of B A E, (b is die femidiameter of the 
earth increafed by the height of .the eye to a foi<rth 
number ; from which fubtrading.the femidiameter 
of the earth, the remainder is the hdgbt of the ob- 

L EXAMPLE 
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EXAMPLE. 

July the fecond, the apparent alti- 
tude of Snow Peak was obferved to 
be, at the diftance of 57507 yards or 

lo 30 Z 12 20 

The height of the eye being 5 4 
yards, the complement of the 
dip is - - - - 89 56 II 

Hence the angle BAE 92 8 31 
Horizontal diftance 18 30 



92 27 
Subtra£ted from 180 



Angle B 87 32 59 
Semidiameter of theearth 6966382 
Height of the Eye 5I 

Semidiameter + height of 

the eye 69663877 

As fine B 87"* 32' 59"Co.Ar. 0,0003972 
To fine BAE 92 8 31 9^9996965 

So is femidiametcr + height 

of the eye = 6966 ^S^ .« yards 6,84*30076 

To 6967888 /r6,843ioi3 

Semidiameter 6966382 

Height 1506 in yards. 

^ ^ DEMON. 
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DEMONSTRATION. 

Let GF C (plate I. fig. i.) reprefent the furface 
of the earth, E its centre, B C the height of a hill 
or other objedt rifing perpendicular from C ; A is 
the place of the obferver's eye, whofe height above 
the level of the fea is A G. Draw A H perpendi- 
cular to AE, and AF touching the circle GFC 
m F. Then H A F is the dip, E A F its comple- 
ment, D A B is the apparent altitude of the obje£fc 
above the fenfible horizon ; to this add E A D, the 
fum is E A B. In the triangle E A B, the fide E A 
is the film of the femidiameter EG and G A the 
height of the obferver's eye ; EB the fum of the 
femidiameter E C and C B the height of the objedl ; 
the angle A E B is meafured by GC the horizontal 
diftance between theobferver and objeft. jMow la 
the firft cafe there are given in the triangle E A B, 
the fides E A, E B, and the angle B AE, to find the 
angle A EB; and in th^ fecond there are given the 
angles BAE, AEBand the fide E A, to find the 
fide E B and confequently B C. The trigonometri- 
cal folutionis of thefe cafes are the above pradtical 
rules. 
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Observations on me Variation. 

THE Variation of the compafsy always an in- 
terofting; objeft to navi^^tors and phibfo- 
phers, became peculiarly fo in this voyage from 
the near approach fothe PdcL Many q£ the theo- 
ries that had been p]t)^fed on this ful^e^ ^ret^ 
to be btou^t to the teft of obfervations imide in 
high latitudeiSy by which akuie their fallacy or uti- 
lity could he diicoveied. They of courfe engaged 
much of my attention^ and gpive me the fu}kft 
op|)ortiniity of tspttkt^^^ w{th f^ret, the ma- 
oy impei^aiops q£ wlm is caHed the A^imuchi 
eompa^ This Allrument^ though fufllci^^tly ac* 
C^il^te 10 enable ut «> obTerve the variations i> as 
K> ftcer the asp wikhont iwy material efr<^^ vrith 
^e pferecautioa of alvaysufiog the fiime<o«ipa6 hy 
yrhkh they are takeii^ is far from heitjg <rf filKjb a 
conftruaion ts to give the variaiioti wilh that de^ 
greeof pr^ifibn^ which fliottld arttend es^erimi^ts 
pn which a theory b to be founded or by ^ich 
it is to be tried The obfervations take0 in tbid 
vdyage will fully evince this^ by their great varia- 
tions from one another in very ihort intervals of 
tJme ; nor is this difagr^ement (^ fooceffivae dbfer- 
vMons peculiar to the higher laritudes, and to be 
imputed to a near approach to the Pole, as I found 
it to take place even upon the Englifh coaft. 

As to the obfervations themfelves, they were 
taken with the greatefl: care, and the moft fcru- 
pulous attention to remove every circumftance 

which 
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which .might be (uppo(ed to create ah accidental 
error; the ob&rviadons being taken ibmetime^ by 
different people with the fame compafi^ in the 
fame and dif&rent placds ; fbmetimes with differ-r 
ent compafKsy ^hanging the places and the obr 
fcrvcrs repeatedly, to try whfether there wflls any 
error to be imputed to local attradion, or the dif- 
ferent mode of ob(er^^ation by diflferent perfcns. I 
have fince my return tried the compaffes by a me- 
ridian as well as by taking azimuths, and fiad 
them to agree with one another, though the fame 
compals fom^times di^rs frbm itfelf a degree in 
fucceffive obfcrvations. 

That every perfon may (as far as is poflible 
without havmg been prefent at the time) be en- 
abled to judge of the degree of accuracy to be ex- 
pected in fuch obierviEdons, as well as rfie degree 
of attention paid to thofe made by us, I have fet 
down every cireumftance that 1 thought material, 
giving every part of each obfervation, with each 
feparate refuit, and the nnean of every fet, with the 
weather at tlie time. Whenever I mention its 
blowing frefti, it was only comparatively with re- 
fpea to the reft of the voyage, no obfervation hav- 
ing been made in any weather which might not 
generally 4>^aking be calkd fine. 

Having faid fo much of the inaccuracy of the 

inftrument, I muft add, thaft 1 think fome .general 

and rather curious inferences may fefely bt drawn 

from thcfc obfervations. One is, that the variation 

L a near 
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near the latitude of eighty, if it alters at all with 
time, does not alter in any degree as it does in thefe 
latitudes : the variation having been found by Poole 
in 1610 to be 22*^ 30' W in latitude 78'' 37^ 18"^ 
16' W in Crofe Road in latitude 79^ 15' N; and 
17® 00' within the foreland in latitude 78° 24'- 
By Baffin in 1613, in Home Sound, latitude 76^ 
5Sl\ the variation from the meridian was 12° 14' 
W; but by his compafs 17**: his compafe ^ was 
touched 5i Eafterly," that being the variation in 
London at that time: in Green Harbour, latitude 
77*" 40', he obferved the variation 13** 11' W» 
Fothcrby in 161 4, made the variation in Magda- 
lena Bay, latitude 79° 34' N, 25** 00' W; and in 
latitude 79^ 8', two points. Neither Poole nor 
Fotherby mention whether their variations are 
reckoned from the meridian, or whether their com- 
pafles, like Baffin's, were fitted to the variatidn at 
that time in London. If Fotherby's were taken 
with a compafs in which a correftion was made for 
the variation at London, his obfervation agrees ex-* 
a£tly with thofe made by me in Vogel Sang and 
Smeerenberg ; and thofe of Poole and Baffin differ 
{o little from mine, that the difference need not be 
regarded. But the variation in London now differs 
from what it was at that time above twenty-fix 
degrees. 

The other inference is, that in going to the 
Eaftward in the latitude of eighty, the Weflerly 
variation decreafes very confiderably from a differ^ 
enee in the longitude^ Table 



• 


"O 


■"^ 




■■ 


«« - 


C3 








^ 


C« 








o 


«r."5 








pC 


.S^ 


























» s 


b* M 








a> v5 


U V 










! 








oa 








S^ 


«-s 








bO 


.xa 








J 


H 






"^ 


^o 










w^ 










^ 










"" 








^_^ 


^^Tj-VO o 


Th 


t^ 


f*^ 


H 


v% « N v> r<^ 


« 


\r\ 


t*^ 




M ^ M M C4 


C) 


CO 


OS 


ly 




" 






c« 








<^ 











rri 


'< 








r^ 


o 








o 


r 






5 










^ 


i 






-o 


OS 


u 






c 

4i 


vr» 


^ 








1^ 


f 






s 


QQ 


V 






6 










CO 


2 


Z 






< 


en 


c 


-"^ 





ti^ 


^ 








vr^ 


N 




m 


ON 


o> 


en 




"* 













iy^ 


'^ 


VO 




ro 


rn 


Tf 


-^i- 




O 





a 


00 




00 


00 


i^ 


SO 




s 


s 




;?.s 




00< 


a. 








t« 






< « 





APPENDIX. 



113 




Account of the Observations made with the 
Marine Dipping Needle, conftrudted for 
the Board of Longitude by Mr. Nairne. 

/^ I ^HE inftrument, hanging by an univerfal 
I* ^ joint on a triangular Hand, is adjufted fo 
to hang in a plane perpendicular to the hori- 
Dn, by means of a plumb line, which is to be 
kfpcnded on a pin above the divided circle, and 
|e dovetail work, which alters the pofition of 
inftrument, by turning a button. The two 
pdf on the divided circle, are adjufted fo as to 
*' be jperpendicular to the horizon, by the fame 
pl^tnb line and the adjufting fcrew : and at the 
when it is adjufted, the pointer is 
The length of the magnetic needle is 
^* twelve inches, and its axis (the ends of which 
** were of gold alloyed with copper) refted on fric- 
" tion wheels of four inches diameter, each end on 
" two fridtion wheels ; which wheels were balanced 
" with great care. The ends of the axes of the 
** friiflion wheels were likewife of gold alloyed 
'* with copper, and moved in fmall holes made in 
** bell metal ; and oppofite the ends of the axes of 
" the needle and the fridion wheels, were flat 
** agates finely polifhed. The magnetic needle vi- 
** brated within a circle of bell metal,' divided 
** from the lower 90° each way, as far as fixty-five 
" degrees, into degrees and half-degrees : the 
L 5 "other 



" lo^eft 90% 
"fi^ed. The 
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•** other diviiions were two d^rees and a half; the 

^^ needle being very nearly balaneed before it was 

^jnade magnetical: btit by niean$ of the cro(s, 

^* fixed on the axid of the ntedie (on the arms of 

,•* which were cut very fine ferews, to receive the 

^' finall buttons, that might be fcreWed nearer or 

•* farther from the aids) the needle could be ad- 

^* jufted both ways to a great nicety, after it was 

^^ made magnetical, by changing the fides of the 

•* needle, and reverfirig the Poles. As this needfe 

** at fea could feldoni remain at reft ; to reftledy 

^ in a great meafiire this inconvenience, the di- 

** vtded circle is made moveable by turning the 

" button; fo that when it is ufed at fea, the di- 

** vided circle is moved till fome principal divifion 

^ i3 the mean of the vibrations : then that number 

^^of degrees and half-degrees diftant from the 

_ •* pointer, fubtraded from ninety, gives the dip, 

** if the needle is properly balanced : but left it 

*• (hould be fomewhat out of balance, the moft 

•* certain way is; firft, to take the dip with the 

^* face of the divided circle to the Eaft, and after- 

*• wards to the Weft, and then changing the ends 

" of the needle by reverfing the Poles, and taking 

** the dip as before, with the divided circle front- 

•* ing the Eaft and Weft : and the mean of thofe 

*^ four dips will be the mold accurate. In each cafe, 

*' when the dip is taken, the inftrument muft be 

" fo placed that the needle vibrates in the magnetic 

" meridian." 

The 
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The obfervations on tlie dip of the needle, dur- 
ing this voyage, were made with great care : firft 
the dip was oblerved witli the divided arch to the 
Eaft, the inftrument being placed as near as poffi- 
Vbs in the mogQecic meridian 3 it was then turned^ 
and the obfetvfltioil madt with the divided arch to 
the Weft : the poks being changed^ the obferva- 
tion was repeated in th^ fame maiUner. The ac- 
tual obi^cv^ttlooi^ are ezprefled in the fec6nd, third, 
fi!iatA, £ttid fifth columns; and the mean refult in 
ihc &tth. k appears by thefe obfervations that 
the dip increafeS in going North. 

There is no reafon at prefent to fuppofe that the 
dip is iiabU to any variation in the feme place at 
difiereot periods of time, it having been obferved 
ill Londoii by NofHian^ who firft dilcovered it in 
15981 to be 71* 50'; and by Mr, Nairne, in 1772, 
aboiit 72®. *rhe difference between thefe obTervE- 
tioos, taken Ht fuch diftant periods, is fmaller than . 
that found b^tweta ftvtt^l of Mr. l4alrfle's obferva- 
tions compared with each other ; and therefore we 
have tid teafoii to conclude that the dip has altered 
lince Norman's time : the care with which . his 
inftruraent was conftrut&ed, and his obfervations 
made, leavel no room to doubt of their accuracy. 
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TABLE of the Observations made with the 
Marine Dipping-Needle. 



the Weft. 



Day of 
Month. 



Jane 2 P. M 
a P. M 



31 P. M.79 3c 



• / 



7i 
74 



073 15 



3073 



3075 
76 



74 

74 
7S 
75 



76 

78 

083 



5 P.M. 70 ao|73 o|73 »5 

6 P. M. 72 0(75 o|72 

14P.M.72 30173 30 

8 P.M. 

15, 8 A. M 

P.M 

16 P. M 

22 Noon 

23,9 P.M. 

24 Noon 

P.M. 

26, 2 P. M. 

28 Mid. 
29, 2 P. M. 

30 Noo 
July 2, Mid. 
^ 9, 6 P. M. 

»5 

29 Mid. 83 15183 0^0 
Aagttft 1483 C83 o|8i 



70 
7* 

7a 
75 
74 
74 
77 
78 
8i 
82 
77 
77 
83 
79 
76 
80 
82 
81 
82 
83 15 



IST 



73 20 
073 20 



75 30 
74 3' 
3^ 
3^ 
o|77 3 
3080 

79 3°|8' 

3077 5081 
'^ 082 



3080 
3080 



581 

4579 3°P^ 

3082 30 80 
4581 4583 
4581 i5|82 



4581 15 



Weft. 



Eaft. 



MeanjPlace of Obfcr 
Dip I vatioo. 



74 3^73 3« 
73 3® 73 35 



30 
30 
30 



82 



4^ 



074 

074 
076 
075 
7§ 
30 

081 

3079 

082 

078 

79 

83 

79 

79 

0^80 

82 

5081 

40 

I 



72 15 

3c 



72 12 

73 22 



073 30 

75 »8 
74 52 

76 45 

77 52 
3081 30 

080 35 

79 30 

079 22 
81 7 

080 26 

45 79 30 
3080 45 

081 52 
81 
82 
82 
82 



77 45»8o 079 0179 4 



52i| 
7i 

8i 



! 



Latitade 51 35 
near the Buoy 
of the Uppei 
Middle. 
Off Harwich 
In Southwoid 
Bay. 

Off Shetland 
o / 

Latitude 60 1 8 



Latitude 70 45 
Latitude 72 40 
Latitude 73 22 
Latitude 73 3^ 
Latitude 74 30 
Latitade 77 °* 
Latitude 78 
Latitude 78 
Latitude 78 
Latitude 80 

) On Shore. 

j Latitude 79 
Latitude 80 
At Smeer^»-| 
berg. Latitade 

79^ 44' 
Ihore. 
Latitude 69^ 



48 

2 
8 

^4 
12 

50 
27 



on 
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Account of the Instruments made ufe of for 
keeping the Meteorological Journal. 

THE Marine Barometer was made by Mr. 
Nairne, from whom I received the following 
defcription : 

" The bore of the upper part of the glafs tube 
** of this barometer, is about three-tenths of aa 
** inch in diameter, and four inches long. To 
^^ this is joined a glafs tube, with a bore about 
** one-twentieth of an inch in diameter. The two 
" glafe tubes being joined together, form the tube 
" of this barometer ; and being filled with mercu- 
^* ry, and inverted into a ciftern of the fame, the 
. *^ mercury falls down in the tube till it is counter- 
^* balanced by the atmofphere. , 

•* In a common barometer, the motion of the 
** mercury up and down in the tube is fo great at 
" fea, that it is not poflible to meafure its perpen- 
^* dicular height; confequently, cannot (hew any 
•' alteration in the weight of the atmofphere : but 
^* in this marine barometer, that defedt is reme- 
** died. The inftrument is fixed in gimmals, and 
^* kept in a perpendicular pofition by a weight 
** fattened to the bottom of it, 



^^Thc 
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« The perpendicular rifingor falling of the mer- 
•* cury is mcafured by divifions, on a plate divided 
•* into inches and tenths, and by a Vernier divifion 
•* into hundredths of an inch, which is fixed to the 
*' fide of the tube" 

The HYGRoiirETER I was favoured with by M. 
DeLuc; and the following account is a literal 
. tranflation of that which he gave me in French, 

' The part of M De Luc's Hygrometer which is 
atffedted by the impreflloni of the moifture of the 
arr, is a hollow cylinder of ivory, two inches €%ht 
(nes feng, and internally two lines and a half in 
diameter. It is open only at one end ; and th^ thki^ 
ncfs of its fides^ for the length <^ two inches fix 
fines from the bottom, is but three*fisteeaths dl a 
line, h is this thin part whieh does the oflke of an 
hygrometer ; the remaining part of the cylinder, 
towards its orifice, rnqft be kept a little thicker, 
beir^ deftined for jjoining it to a tube of glafe, thir- 
teen or fourteen inches long. This junction is 
effeded by means of a piece of brafs, and the 
whole is cemented together with gum lac. . 

M. De Luc*s realbn for chufing ivory as the hy- 
grometcr, is, that this marrer appeared to hitn 
more proper than any other for reccivrng the im- 
preffions of the moifture of the air, without fufier- 
ing thereby any eflential change. The cylinder 
made of it becomes more^capacious, in proportion 

as 
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as it i^ows moifter. This h the fundaoaental prin* 
ciple of the ioftfument* M. De Dk has finoe 
found) that upon letting this cyHnder Ke Tome time 
]Q water of an umform temperature, it fweUs to a 
certaiQ peaot, after which it dilates no farther. Thi$ 
jqttcuinftanqe ^irniflied him with a maximum of hu- 
midity; aod^ i^onie^^ently, with one point of cona- 
pari£H:^^jii the fcale of the h)!git>meter; and diis 
poim he has fixed at the tempecature of melting ice. 
For meafaricLg the difibrences in the capacity <£ 
this i^vory cylinder^ aad thereby difcovering its 
diffepwit ikgrees of moifture, M, De Luc makes 
\}ft 4^ qmckfdver^ with whidi he fiHs the cylindef, 
a|)d M part of the communicating gkia tube. The 
snore capacious this cyKndear is, or, wbidi ts ilie 
the ikme^ the mother it ia» the lower does i99e 
mercwryiland in the ghiis tube; and vice verfi. 
Now M. De Luc has founds that the lowefl: point 
to wfaoch it can fiidc, is that where it Aands whea 
the ivory cyJbnder is foaked in mehing ice : he there- 
fore nafljes this point xero^ in the £:ale of his by* 
^QiDieter ; jand coafequcnstly, the degrees of dus 
leak aice degrees of dr^nrfs^ ccuvnted from bdow lap* 
iKards, as the qwcyih^tt uifes in the glaia tube. 

To give the(e degrees a determinate lengthy, an4 
thus render the hygrometers capable of being coos- 
;paied with ea<^h other, M. De Luc employs in cqq- 
flrudting them fuch gla(s tubeSsas have been prevy- 
bufly prepared, by being made into thermometers, 

and 
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and filled with mercury, (b as toafcertain upon them 
the points of melting ice and boiling water, and to 
take exa<aiy th? diftance between thofe points by 
any fcale at pleafure. That done, the bulb of this 
preparatory thermometer muft be broken, and the 
quickfilver it contains exadlly weighed. It is by 
knowing the weight of this, together with the di- 
ftance between the fixed points of the thermo- 
meter, that the fcale of the hygrometer is deter- 
mined. For inftance, let the weight of the quick- 
filver be one ounce, and the diftance between the 
two abovementioned points, one thoufand parts of 
a certain fcale : then fuppofe that the quickfilver 
in the hygrometer, to which this tube is to be ap- 
plied, weighs only half an ounce ; this will give a 
fundamental line, confifting of five hundred parts 
of the feme fcale. The fundamental line, thus 
found, is applied to the fcale of the hygrometer, 
beginning at Txro^ and meafuring it off about four 
times over, that the whole variation of the inftru- 
ment may be comprehended. Each of thofe Ipaces 
being afterwards divided into forty equal parts, 
gives fuch degrees as M. de Luc has found moft 
convenient. In general terms, the length of the 
fundamental line of the hygrometer, muft be to 
the interval between the two fixed points of the 
preparatory thermometer, as the weight of the 
quickfilver in the hygrometer,- is to the weight of 
the quickfilver in that thermometer. 

This 
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This proportion between the fcale of the hygro- 
meter and that of the preparatory thermometer, 
furniflies an eafy method of correcting in this in- 
ftrument the cffedts of heat upon the mercury it 
contains. 

It will eafily be conceived, from the conftrudtion 
of the fcale of this hygrometer, that if its cylinder 
of ivory was fuddenly changed into glals, the in- 
ftrument would become a true thermometer, in 
which the interval between the points, anfwering to 
melting ice and boiling water, would be divided 
into forty parts. If, therefore, a thermometer, 
with a fcale fimilarly divided into forty parts be- 
tween the fixed points, be placed near the hygro- 
meter, it will (hew immediately the corredlion to 
be made on that inftrument for its variation as a 
thermometer ; with fome reftridlions, however ; 
of which M.' De Luc has given an account in the 
. paper he fent to the Royal Society on the fubjeft 
of this hygrometer. 

That part of the frame of the inftrument c«i 
which the fcale is marked, is moveable ; fb that, 
before obferving the points at which the mercury 
'ftands, it may be pushed upwards or downwards^ 
according as the thermometer has rifen or fallen 
withrefpedl to the point of melting ice : and thus 
the indications of the hygrometer can at once be 
freed from the errors which would arife from the 
difference in the volume of the quickfilver, on ac- 
count of the different degrees of heat. 

Defcription 



Itt 
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J)efi:riptioD of the Maoometer^ xdooflziii&ed by 
Mr. Ramfiien. , 

The Manometer u(cd in this voyage w^s cpmr 
pofed of a tube of a Anall bocc^ w¥U a ba]^ ^t the 
iea4 » th$ bvQsnefer bi6;i^f^ at ^^9, a j(inall cpji^ 
iiity <^ quicMilver iwjas put into the tufa^e to t^e ^ 
the GoauQoniciif loo between the e^grn^I Wf fU)4 
^hat £(X}fiaed in the ball and (tl^e part of Ui^ tvibf^ 
bek>w thia qulclMilver. A S;9ifi is pl^^d op the 
fide -of the tube, wbicb m^rlqi the d<[;grQes qf 4i)^ 
tatiovi wifwg from fhiP HJGraaft ^ ]^t « i^ .#Me 
^ the weight gf thie atr^ ai\# Jbna tjb^ fiiQa» 9»dii- 
atipn 9s Hiat pf F^imb^'a thfiympna^t^^ ^ 
potat of freezing heiflg«»rl«Bd ^2.. In 4m &9^ 
therefore it will fliew the dqgFees qf ]}^ to H^ 
&TM numncr a^ a therniQrcMlQr. But jf tbe air 
becomes lighter^ the bubble inclofod in the baU^ 
being lefs comprefled^ will dilute kfel^ tod take 
up a fpace as much larger, as ^ qoropceffiog (brce 
is Icis ; therefore the ^angles arifiipg fr^;;^ the in- 
oreafeof heat will rbr propor^Qp^ly larger; acid 
the ifiAruinent will ihew.the dificreQcea in t;b^4eQ- 
d&ty of the air, aiifiDg frqm t(le qh^i^^ w its 
weight aod bear. Mr. Ramfdep found, tbiM a 
heat, equal to that of boiling water, increased the 
magnitude of the air from what it was at theireez- 
ing point A%*?y of the whole. From this it follows, 
that the bait and the part of the tube bebw the 

beginning 
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banning of the (cale is of a magnitude equal to 
almoft 414 degrees of the fcale. 

If we have the heihgt of both the manometer 
and thermometer, the height of the barometer 
may be thence deduced by this rule; as the 
height of the manometer increaied by 414, is to 
the height of the thermometer increafed by 414; 
fo is 2p,7, to the height of the barometer. 

This inftrument, though far from complete, hav- 
ing been conftrudled in a hurry for the purpofe of 
a firft experiment, and liable to fbme inaccuracies 
in the obfervations frorn not having the thermo- 
meter with which it was compared attached to it, 
feldom differed from the marine barometer t't? of 
an inch. Should it be improved to that degree of 
accuracy of which it feemp capable, it will be of 
great ufe in determining refradtions for aftrono- 
mical obfervations, as well as indicating an ap- 
proaching gale of wind at fea. 
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MISCELLANEOUS OBSERVATIONS. 

Ofi$£RVATiOKft fiNT detcrmkung the refradion ia 
high latitudes. 

JUNE the thirtieth, at midnight, the diftance of 
the two oppoiite hori2oD6, taken by me with 
Ram(den'is fextant, was 179*" 54' ; the height of the 
eye being fixteen feet above the level of the fea. 

Auguft the fifteenth, at midnight, by the aftro- 

nomical Quadrant, the altitude of the fun's 

upper limb 4** 16' 55" lower limb 3° 46' a" 

Error of the Quadrant 3a — — 32 



Al^. Alt. Sun's 

center 
Co. Declin. 



App. Lat. 
True Lat. 



4 


16 


«S 


:er — 


15 


51 


an's 






4 





3« 


IS 


56 


»3 


79 


56 


45 


79 


44 


a 



3 

+ 


45 2* 
15 51 


4 
75 


I 
56 


»9 


79 57 sa 
79 44 S 



Refradkion 12 42 — ^3 ^9 

DrBradlcy'stablesii 18 — — r* x2 27 

Allow for therm. 1 1 53 ■ 13 x 

Barometer, 29,6 Thermometer, 37^ 

M 5 Augiift 
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Auguft the twentieth, at midnight, the fun's mc- 
fidhn ^Ititu^e by Mr. Harvey, %"" 25' 00" 

Dip 3 49 

2 21 II 

Scmidiameter + 15 5^ 



Altitude of the Sun's center 3 37 3 

Co. Declin. 77 31 z6 



App. Latitude 80 8 29 
Refr. by the tables |6 44 



True Latitude 79 51 45 



Hakluyt's Head-land SBE 
Cloven CltfF ,- EBSiS 
Variation - 19® 30' S. 

It may not be improper to mention here that 
Baffin, in 1 613, made an obfervation of the re- 
frafttori when the fun was in the horizon, in lati- 
tude 78^ 46', which alfo agrees exadlly with Dr. 
Bradley's tables. It may therefore be prefiimed 
that the refradtions in the higher latitudes follow 
the fame law as in thefe. 



Specific 
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Specific Gravity of Ice, tried by Dr* Irving. 

A piece of the moft denfe ice he could find, be* 
ing immerfcd in (now water, thermometer thirty- 
four degrees,~fourteen fift^nth parts funk under 
the furface of the water. 

In brandy juft proof, it barely floated: irl 
rcdtified fpirits of wine it fell to the bottom at 
once, and diiTolved immediately* 

. September the fourth, -at two in the afternoon^ 
ive founded with all the lines, above efeht hun-^ 
dred fathom.. Some time befpre;the lailUiae was 
out,. we perceived a flacky sUid that it did Qot rua 
oflT near (b quick as before; When wef got. the 
lines in again, the firft coil came in Veif^cafily^ 
and twenty fathom of the next, after which it took 
a great (train to move the lead ; a mark was put 
on at the place where the weight was perceived,' 
and tho.iine meafured, by which the depth was 
found to, be fix hundred and eighty-three fathoms* 
The lead weighed above one hundred and fifty 
pounds^ and had funk, as appeared by the fine, hear' 
ten feet into the ground, which was a very finelbkie 
loft clay. A bottle fitted properly by Dr. Irving 
(none of thofe fent out having given fatisfaftion) 
was let down, faflened to the line, about two fa* 
ihottx from the lead. A thermometer plunged into 

the 
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the water from the bottom ftood at forty degrees: 
in water from the furface at fifty-five degrees ; — ^in 
the fluuie, the heat of the air was fixty-fix d^ees. 



Experiments to find the Temperature of the Watey 
at different Depths, made with Lord Charles Ca- 
▼endifli*s Thermometer. 



Pay of the 



Depth 
Fftthoma 
which it 
«ru ftiik. 



tc tore 



Tempera- .Corrcclioa iTemperatureot 
kvre of thehr Com- [the S«| at the 
Witer as ipreflion aad'greateft Deptfa 
[hewA bjT {vne^al to which it wai 
the InftrOrlExpanfion ronk, correaed 
»f Spirits. forCocnprefiioii 
j ind Expaofioo. 



Ueaiofthc 
Air. 



June 20 
36A.fA- 
P.M. 



780 
118 

673 



»5 

30 
33 

?2 



II 
I^ 

O 
10 



z6 

31 
$3 

3^ 



48i 
40* 
44* , 



It appears from the experiment of July i ft, in 
which the inftrument was compared with Fahren- 
heit's thermometer at different heats, that the ex- 
periment cannot be depended on to lefs than two 
or thr^e degrees, as the refults drawn from the 
different comparifons would differ by about five 
degrees* 
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Sea water taken up at the back of Yarmoath 
Sandsy was in the following ratio to diftilled water ; 

ozi . dwts, gn. 

Sea-water 21 16 i3,73Therniometer> 

Diftilled water 21 4 16 ^ 53,^9 
which is, as 10192 : 10477,7 ; or, as i ; 1,02803. 
The quantity of dry (alt produced from the above 
water, was 13 dwts. 15 grs.; it appears, therefore, 
thatfea-water contains more air than diftilled water* 

The refults of the experiments made with Lord 
Chsrics Cavendifli's thermometer, and thofe with 
the bottle fitted by Dr, Irving, differ materially as 
to the temperature of the iea at great depths ; I 
Hiall give an account, therefore, of the precautions 
ufed by Dr. Irving to prevent the temperature from 
being altered, as well as of the allowance made by 
Mr. Cavendifli for compreffidn, as they communi- 
cated them to me. - ' 

The following is the account of the precautions 
taken by Dr. Irving to prevent, the temperature of 
the water being changed in bringing up from the 
•bottom: ^ ; 

, a •j'jjg bottle had a coating of wool, three inches 
** thick, which was wrapped up in an oiled Ikin, 
** and let into a leathcrpurfe, and the whole inclofed 
** in a well-pitched cfnvafe-bag, firmly tied to the 
*^ mouth of the bot^e, fo that not a drop of water 

' ** could 
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^ could penetrate to its furface. A bit of lead 
** (faaped like a cone^ with its baie downwards and 
^* a cord fixed to its fmall end, was put into the 
^^ bottle i and a piece of valve leather, with half sc 
^^ dozen flips of thin bladder, were ftrung on the 
"cord, which, when pulled, effectually corked the 
** bottle in the infide." 

The following is Mr. Cavendifh^s account of the 
corredions to be made for Lord Charles Cavendifli's 
thermometer* 

** The Thermometer tifed in thefe eiq)eriments 
** is fully defcribed in the Philofophical Tranfadtions, 
" Vol. L. Page 308 ; fo that I imagine it is unnecet 
** fary to mention it here. But fince the publication 
** of that volume, the late Mr. Canton difcovered, 
•* that fpirics of wine and other fluids are compref- 
** fible ; which mult make the thermometer appear 
^* to have been colder than it really was, and renders 
•* a corredlion neceflary on that account. There is 
** another fmaller correftion ncceffaf y, owing to the 
*• expanfion of (pirits of wine by any given number 
•* of degrees of Fahrenheit's thermometer being 
^ greater in the higher degrees than the lower. As 
^ the method of compiurng thefe two correftions 
" is not explained in that paper, K may be proper 
^^ jufl: to mention the rule which was made ufe of 
*^ in doing it. 

" In adjufting the degrees on the Icale of this 
** thermometer, the tube was intirely full of Mer- 

• **.cury. 



138 A P P E N D IVX. 
f ' cury, or the Macury ftecd at oq degneps dn the 
^ icaiC) when its real heat wa^ 6g^ of Fabn^it. 
^ Lee the bqlk of the Mercury contaiaed at that 
^ time in die cylinder be caBed M, and that of the 
^ fpiritSy S ; let the expanfion of fpirits of wine 
** by I*' of Fahrenheit, afapot the heat qf 65% 
^* be to its whole bulk at that heait^ ais / to 
•* 1 J and let its expanfipn by one degree at any 
^ other heat, as 65^-^ x^ be to its bulk at 6g''^ 

* as ^ X I .— * to 1 ; let the expanfion of Mercury 
•* by one degree of heat be to its bulk at 6^^^ as tn 

^toi; a^ let f't^"" be catted 6; let the bom- 

S> s 

« preffion of Ipirits of winp tjy tfee-pt eflufc luf njQ 
*• fathqipof fca-wM^, when th^e heat of the fpirit? i$ 
•• nearly tfie fame as thaj of th? i^ 9X tlie d.epth tQ 
** which thethcrnjopictjiT yr^ fet dowi^ brViw 
*• bulk at Ss", as C to i j the coxnjpreffion of the 

* Mercury is fo fnaall that it nji;^ be n^efted •, let 
« the thermorneter be let down N bun4f«d fathom, 
**^d when brought wp ^ put ipto water of ^5" 
->' —F degrees of beat let the Mercury jn the tube 
«♦ ftand at E dcegrees j copfequpitly the be?^ as 
** ihewn by the tber;nometer, is ef-^^^ : and Jet 
« the real heat of tfee fea at th^ disptb to whit^ it 
*« was funk be 65 r- * degrecsi then 65" — * = 

05 f—HH-- ._ + ^^^, -. 

*' In this thermometer S = ngoi M = 97 ; the 

^ expanfion 
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** expaqfion of the Ipijrits ufecj io making it by i° at 

•* the heat of 65°, was found to be 7^. of their 

" bulk at that heat ; that is s =-^r; fn = ~^ ; 
. *. .1786* usao* 

^* therefore G;5 ij9i3- From M. P Luc's expc- 

** riments • it appears, that tbeexpanfion of (^irits 

" of wine by i^ at any degree of heat, as 65^ 

*• ~ ^, 18 to its expaafion by i*^ at 65% nearly as 

•* I — — to I : therefore, rf = -i- . The com- 

** preQibility of the fpirjts ufed for this therhionjeter 
** ^t the beat of 58% . W.a§ found to be exa^ly the 
•* fame as Mr. Canton determines it to be at that 
•* hMt t and therefiarc its comprplfiWi^ m ^H otfjer 
^* degrees of heat is fuppofed to b* tji? f»me ^ be 
" makes it. According to his experimeats t, the 
^* compreffion of fpirits of wine by the preffure of 
^ 2pi inches of Mercury at the heat of jt^, id efli 
" nearly the heat of the fca in thefe experiments, is 
«5pi millionth parts of its bulk at that heat; 

*• therefore -^s= i, 9 and 65-r- ^r:==55— F— ET 
+ NXI, 9-. gp +— ^38. 

* Modifications de l'Atmbfphere», vol. L pag. 252. 
t Philofophical Tranfaftioni, Vol. LIV. page 261. 

QbftBRVATIQIIS 
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Observations made by Dr. Irving of the heat of 
the Tea agitated by a gale of wind^ and that of 
the atmoiphere. 
September the twelfth, the thermometer 

plunged into ^ wave of the fea^ rofe to 62^**9 the 

heat of the atmoiphere 50*". 

This experiment was frequently repeated during 
the gale, and it gave nearly the fame difference* 
At night, when the weather became moderate, 
the heat of water ^o fathoms below the furface 
was 55^; the furface and the atrtiofphere were 54^ 

September the twenty-fecond. The fea-water 
was 6oP\ the atmofphere, gg"*: the wind at S W^ 
^ frefli gale. 

Observations for determining the height of a 
Mountain in Latitude 79® 44' ; by the Barometer, 
and Geometrical Meafurement. 

Obfervations taken by the Barometer, by l)r. Irving. 

AUGUST the eighteenth,' the day remark- 
ably clear : 
At 6^ in the morning, the barometer by inches, 
the fea fide flood at 30,040 

The Thermometer 50^ 
On the fummit of the mountain, about an 
hour and three quarters later than the firft 
obfervation below, * * t8,a66 

Thermometer 42° 

About an hour later at the fame place 28,258 

Thermometer 
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Thermometer 42*" inches. 

By the fea fide, where the firft obfervation 

was made, and about three hours later 30,032 
Thermometer 44** 

Height of the mountain calculated by M. De Luc 
from the firft obfervation - 1585 feet 

From the fecond obfervation - 1592 

Mean - . . - i588ifeet 

Means ufed to afcertain the Height of the Mountain 
Geometrically. 

A point was fixed upon, in the moft convenient 
place the ground would admit of between the fum- 
mit of the mountain (a well-defined objeft) and the 
fea-fide; from hence, in a right line from the' 
mountain, a ftaffwas placed at the fea fide, by a 
Theodolite made by Ramfiien, with two telefcopcs 
and double Vernier divifions. The inftrument was 
carefully adjufted ; firft, by levelling the ftand with 
a circular level, and afterwards the whole inftru- 
ment by the crofs levels. From hence (A) at right 
angles to the ftation at the fea fide (Q and the top of 
the mountain (E), a bafe was meafured each way to 
(B) and (D) of eight lines of feventeen fathom each ; 
in all, five hundred and forty-four yards. The 
divifions of both the Verniers were carefully exa- 
mined, both at fetting off the ftation by the fea fide, 
and thofe at the extremities of each bafe, the fixed 

telefcope 
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feelefeope being kept diredted to the fai^HKit^ tf tbe 
0iount*iD) and the moveable bn^ direfted at right 
angtes each wayy both divifions of the Vef nicr co- 
inciding exadtly. Station ftaves W*re fixed perpen- 
dicular by the vertical hair of the tclefcope. The 
ftkitude of the mountain was then tjJcen with the 
vertical arch, as a means of deteding any error in 
the obfervation, and was found to be 8"* 50'. The 
diftance not enabling me to take the depreifidn of 
any particular part of the ftafFby the fca fide under 
^ the land on the other fide accurately, I fent a man 
to ftand clofe before it, and took the depreiTion 
nearly to his eye, which was found to be 1° 54. 
: The inftrument was then removed to the ftati<Hi on 
the right (B). The inftrument being adjuftcd with 
the fame precatitionsafe before, and the fixed tele- 
ibope pointing to the<:enter ftation (A) ; the angle 
to the moumam waft 84'' 58', the angle to the ftadon 
by the *rftticf fide (C) 2194'' 44'. The iuftfament 
VfM thth removed to the ftatio;i by the fea fidefC), 
thte fame precautions nfed in adjufting, and the 
fixed telefcope pcAnting to the center (A) in one 
with the mountain, the ai^iglie to iht ftafT on the 
tight (B) was 24^ 44'. tetendi<ng to make the tri- 
angle BCD iibfceles^ and imagining th^e might 
be fome tittle error from the unevenne& of the 
ground, I fet off the theodolite an angle equal to 
the laft, having a peribn ready with a ilaff OQ the 
bafe line to fix it where that angle jhauki interfedt 
on looking tfaroi^ the telefcope -, 1 &und it cut 

exadUy 
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exiftly at the llafFD ^^f 16', tad from thencte 
tcMlcludod the mcafure of the bafc to be cxadt. I 
then took khc altitude bf the moantain by the ver- 
tical arch 7^ 44'. I then removed the iilftrument 
to the ftation (D) to take the third angle; but from 
the badnefe of the ^ound^ I eould not place the 
inftrument exadtly over- the fpot where the ftafF 
ftood J from hence I took the *third angle of tHe 
triangle ; the fixed tefefcope pointing to <A) and 
the iame precautidhsof adjuftment being obferved^ 
the angle to C eame out 65^ 15' 5 kfe by one mi- 
nute than it (houid have been. I then took from 
the fame place the angle to the moUAtaia (E) ^75^ 
1'; more by <3ne minute than the correlpbndidg 
angle at the oppofitc ftation <B) : but the «rors 
correfling each other^ the Whote angle CDExs 
150^ 14' = the whole angle C BE. feet : 

By the triaiigle AfiG, AC comes vut 1 7*7^4 
By the triangle ABE, A E comes out 9265,0 
Therefore the diftahce C E is 1 1036,4 feet. 
Angle of the mountain's elevation iefcn from C 7^*44' : 
Height of the mountain above C 1498,8 feei: 
+ height of C above the water's edge 5 : 

Height of the mountalA above the water's 
edge .. - - 1503,8 feet. 

I prefer this obfervAtion to the others, becaufe 
the three angles of the triangle ABC ca<lie out 
fexaftly 180 degi<ees by the obfervation. The dif- 
tance AG found by thecompmation, differed only 
four feet from that by themeafure j but, the ground 

being 
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being uneven, I did not depend upon the meafure, 

but took it merely as a check upon the operation, 

tb deteft an error, in cafe of any great difference;. 

The diftance found by the fimilar triangles 

B C E and C D E comes out 1 1037 feet ; 

The angle of the mountain's elevation 

fccn from A was - 8° 50' ; 

Hence the height of the mountain above 

A was found - 1439,8 feet: 

Depreffion of C fcen from A was i* 54 ; 
Hence the height of A above C is 58,7 

Height of the mountain above C 1 498,5 

-f height of C above water's edge 5 ; 

Height of mountain above the level of 

the fea - - 1 5^3*5 

which differs from that found by the fingle angle, 
three tenths of a foot. 

I cannot account for the great difference between 
the geometrical meafure and the barometrical, one 
according to M. De Luc's calculation, which amounts 
to 84,7 feet. I have no reafon to doubt the accu- 
racy of Dr. Irving's obfervations, which were taken 
with great care. As to the geometrical meafure, 
the agreement of fo many triangles, each of which 
muft have detefted even the fmalleft error, is the 
mod fatisfadlory proof of its correftnefs. Since my 
return, I have tried both the theodolite and baro- 
meter, to difcover whether there was any fault in 
either, and find them upon trial, as I had always 
done before, very accurate. 

OjSERVATjONS 
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OssSkVATioNs lor deterrri'toittg thfe Atceldif«ldn 

of the tiNbULlJM. 

Selbri^ten i^f th« P«Mlatum vilh \rhtch the Ob- 
ftcVlttioM W«tt lited€3 by Mr. Ciim^n§. 

" nr^HE apparatus with which the following 
JL experiments were made, was prepared for 
•* \h% voyage with all the care which the (hortnefs 
•* of the time would admit, and particular atten- 
** tiofl was paid to itc Simplicity, The pendukim 
*^ ^as that whiah the late Mr. George Graham 
^ had tctoikuAed^ to dfe^taia the exa£t diftance 
** betw€€Q the center of motion and center of 
^^ bicitiation v( a pmd^um to vibrate feconds at 

^^ Tife baH is a hereof felid brsiCs^ whefe dia>- 
^ mettr is three inclkta tiild Dmet| two hundredth 
^' part* fif«li inch; and Whofe weight isninepounda 
^^ dnd one qoart^r. 

^^ Tht rod ilk a roUnd fteel wire, one tenth of 
** nn inth thick, ind i^ (b firmly brewed iiito th9 
*^ ball, that it cannot be ilnferewed by hand, nor 
'^ the Itagth of tht pendulum altered without the 
*^ application of proper inftrumenta for that purpo(e^ 
^^ theire being mo a^yuftiiig (crew as in clock-pen- 
*• duluitifi. 

*' The axis of the pendulum is of hard-tempered 

•* fteel, nearly two inches long, and moves on an- 

V gular, or knife-pivots, whole edges are formed 

N "with 
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" with great care, ib as to lie exaftly in the fame 
** right line; the pivots are. formed nearly to an 
** angle of thirty-eight degrees from the edge to 
** the back ; the (harpnefe of the edges is taken off, 
*' and they are carefully rounded, fo that the 
** lower parts of both (on which the pendulum 
** moves) form parts of one continued cylinder, 
** whofe diameter is rather lefe than the two hun- 
" drcdth part of an inch. 

*' Thofe pivots move in angular notches made 
*' in two pieces of hardened fteel, each a quartet 
*' of an inch thick; the notches are formed to an 
** angle of one hundred and twenty degrees, with 
** their bottoms fomewhat rounding, and formed 
•* fo that the whole length of the pivot has an equal 
^ bearing in them ; the ends or extremities of the 
** pivots are floped from the edges on which they 
*' move, towards the backs, or upper fide ; and 
** two plates of hardened fteel are fcrewed agsiinft 
" the angular notches in which the pivots move, fo 
" as to confine them always to the fame place in the 
" notches, and prevent fuch irregularities as might 
** otherwife happen if the (houkiers of the pivots 
** ftiould chance to touch. 

*' Towards one end of the axis is pierced an ob- 
" long fquare hole, from the upper to the undet 
" fide, into which the upper end of the pendutuiii 
*• rod (having its fides fomewhat flattened) is fitted, 
** without (hake, but in fuch manner that it moves 
" freely therein from back to front, round a fteel 

" pin 
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•^ pin which paffes horizontally through it and thq 
" axi«, that both the pivots may have an equal bear-r 
** ing, and the pendulum may hang truely perpen- 
" dicular, without any tendency to bend its rod, and 
** by that means alter its time of vibration, ever; 
** though the axis be not accurately adjufted to a 
*' level pofition : The error which might arife f rona 
" accidental fridion on the above fuppofition, of aa 
*' inaccurate levelling of the axis, is obviated by 
" means of the fteel plates againft which the very 
" central point of the loweft pivot muft in fuch cafe 

« aa. 

** To the other end of the axis, is (crewed a pair 
** of pallets, conftructed nearly on Mr, Graham's 
** principle of the dead-beat^ but differing from it 
**. in having a degree of recoil which tends to ren- 
** der the longer vibrations of the pendulum ^s 
" quick as the (horter : but this precaution is the 
** lefs neceflary, 'becaufe the weight which keeps 
*' the machine in motion is fb adjufted, as to make 
*' the angle of conftant vibrations as nearly as 
" poffible the fame with the angle of fcapement; 
*' that is, to make the vibrations the fliorteft, that 
" will admit of the wheel to efcape the pallets : by 
*' this means, if the oil applied (hould beconie 
" glutinous, fo as to diminifh the adion of the 
*' wheel on the pendulum, or if any other circum- 
". ftance (hould happen to (horten the arc of vi- 
" bration of the pendulum, the weight which 
" keeps it in motion muft be increafed, till it is 

N 2 *' found 
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« found juft fufficient to keep the fnachine going-, 
•* by which means there is a eertaihty that tbfepfen- 
" dulum vibrates fimilar arcs in each exp^ritnetxt, 
** even if the bbferver Ihould hot attend to that 
** circumftance. 

•' The fwing-wheel is madftcf feftipeffed ftccl, 
•* and the points of its tfeeth arfe left touch thicker 
** than they ufually are in clocks, in order to avoid 
"accidents; it lias thirty teeth, and carries with 
** It a divided circlfc which feews feconds. 

^* On the axfs of the fwing-wheel there is a pi- 
** nion, on which another wheel afts: and ito the 
•• axis of this laft, there is a fmall pulley, in the 
•• groove of which is applied the line which keeps 
** the machine going, hy fiieans of a weight tod 
*" counter- weight, in the rflanner defcribed by 
•* Huygens in the eighth and eighteenth pages of 
** his Horologium ofdUatorium : this method is the 
•* fimplefl: of any for keeping the wheels in motion 
** while the weight is winding up, and is peculi- 
'^^ arly advantageous in fuch machines as this, which 
" require frequent winding : the weight applied 
" to this machine was fix ounces Troy> which with 
" a defcent of thirty-two inches kept it going for 
** three. hours, with a vibration of three degrees. 

** The whole is contained in a ftrong brafe frame, 
" fcrewed on the top of a three-legged wooden 
** ftand, three feet four inches high : the front 
** legs extend three feet eight inches in the direc- 
« tion of. the vibration, and the back leg extends 

** three 
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^* three feet four inches from ^ach of the front 
** legs, at which dift^ncc the three legs ve fo 
** conuefted at bottom, by horizontal rods, tha^ 
** they cannot poflibly alter their relative pofition ^ 
** by thefe means the point of llifpenfion of the 
•Vpendi\lum is rendered niuch more immoveable 
** thap could be done in any portable clo<pk having 
** a cafe of the ufual djm^nfions, without great 
•'trouble, ?nd an apparatus ill fuited for experiments 
** of this nature. 

^ In the middle of the horizontal bar that con- 
** ne<Sts the front legs is fixed a piece of fi^lvered- 
** glafs, by means of which the whole machine is 
" re%4ily *4Jufte4 to its proper pofition : thje loyvec 
" p%rt of the pendulum-ball hangs diredtly over 
^* thi§ mirror^ on wl^ichfe drawn a line from bac]^ 
** to front '^ ancj when the image of a fmall pi(V 
** which is fere wed into the lower part of the pen,- 
** dulum, is feen bifedled by this line viewed di- 
" reftly iij front, the pofition, of the machine is 
•' properly adjufted. 

" On the back leg of the ftand, immediately be- 
*• hind the pendulum, is a hook to hang a ther- 
** ftiometer on, for making frequent obfervations 
** of the temperature of the air. In order to pre- 
** pare for an experiment, the pendulum is made 
** to vibrate till 60 on the fecond-circlecomes to the 
** index, and is then to be held at the extremity 

N3 . ^fv> 
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** of its vibration by a trigger ; on preffing which 
*' with the finger, the pendulum is difengaged in 
*' an inftant : hence the vibrations mull be of equal 
^ extent in every experiment. 

•' The wooden ftand which fupports the pen- 
** dulum is fo conftrudled, that it forms an oblong 
*' fquare box, in which the pendulum, with every 
*' part of its apparatus, is with great facility and 
** expedition packed ; fo fecurely that no part can 
"receive damage; and th^ whole is fo portable, 
** that it may with eafe be carried on a man's 
** Ihoulder to any acceffible place. 

" This pendulum immediately before the voyage 
*^ was compared with a well-regulated eight-day 
*' clock, and in twelve hours its beat did not dif- 
'*' fer fenfibly from that of the clock ; Fahrenheit's 
" thermometer being then at 6oV* 

July the fixteenth the Pendulum and the Equa- 
torial Inftrument were landed on a fmall rocky 
ifland in latitude 79"* 50' N; and the pendulum 
being carefully fet up in a fmall tent erefted for 
that purpofe, and its pofition truly adjufted, a 
thermometer was fufpcnded on the hook behind the 
pendulum rod ; and the pendulum being repeat- 
edly put in motion, it was found to (lop, till a 
mufket bullet and a half was added to the weight, 
which was found fufficient to keep it in motion ; 

when 
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when it was thus found to continue its vibration, 
it was locked by the trigger at 60". The equa- 
torial inftrument was fet up on a bafis of fblid rock, 
and being in this cafe to be ufed only as a tranfit 
inffrumcnt, no ittempt was made to adjuft it ei- 
ther to the latitude or meridian of the place ; but 
the azimuth and equatorial circles being truely le- 
velled, the telefcope was direded towards the fun, 
and fo elevated that it fhould pafs as near as poffi- 
ble through the middle of the field. The inftru- 
ment being thus prepared, the Weft limb of the 
fun was obferved to touch the Eaft fide of the ver- 
tical wire in the telefcope at gh 19' 28" in the af- 
ternoon, by the watch; and at the fannie inftant 
the pendulum was unlocked, and kept vibrating 
till after the fun had completed its revolution, and 
its Weft lipibwas again fcen to touch the fame fide 
of the vertical wire. 

From the vertical pofition of the wire and the 
time of the day, the fun's motion had a degree of 
obliquity with refpeft to the wire, which muft occa- 
fion its diameter to take a longer time in paffing 
than if it croffed the wire at right angles : this po- 
fition of the wife, together with the change of the 
fun's declination, prolong the time of the fun's com- 
ing again to the wire •, (b that there was an inter- 
val of twenty-four hours, forty-nine fecbnds and a 
half, from the time that the fun's limb touched the 
wire on the fixteenth day of July, to the time 
N 4 ' of 
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qf its r?|u?tt to th^ feme w«? o» *^ fe¥e«t««Rtfe 

Piping ?h^ tinKf of *if rfv^miw of tj^q fiw, 
^n acijxiUQt w« Iqcpt of ^he ^bernpi^mqtei, a(¥l ft* 
Y«rat cofnparifonfl |D«d|? ^ |h« WW of th^ going 9^ 
the pcuduluoi \^ith my (^qoncJ-yFft^ftl^ : io wkipg 
\Kbi9h, I ^ways tpq^ the MR? Ijiy tb^ ^tet^, ^k^ 
the pfidyaqp^ (feew^ 6(y" : tlicfe ^wiparift}n?w«» 
chiefly intenjde4 10 pr(iTCfil ^ Jfnift^^^ of 9 wWe 
miaute in eftifpating th^ agp€l^|?itiai> (irf* the pen^ 
dulua\, whiQ^l wly %w^4 fecoodb%, l«vipg oq 

»4« 



bj the watch ; thye %djIc S bctwc^ the vci-; 
ticat circle of decHnatioa was 10^49: the 
liia^ ^liindci aat ; ka deatio^tiaA 2.1^ I' : 

was 10' ii'^ : hence the time of the rup*s 
comiag to the fame vertical hair of a telef- 
cope, will be retarded 44^1 : for (bj Cotes, S 

Is to ta^g. S. . 1 9« 49/ i -rr -^ g,28k 1 1 j 

So U the change ip declin. 10' 1 1" Qoe, 7i47i^l^ 

Tq h' \i' thcclwftgf iAtlie^ot,afljIc fiqe, 
\yi\i6h turn^ lotg |ipi.9^ giv^s •-• 

The change in l;hei equation of time is 

ThfiT^foW '^9 Wte^va^i l>c|w«f a ^l»c ti|M> > ^ ^ 

It was obferved — — — 24 (2) 4,5 

The ^iflferjenjc^ is th^ gan^ pf ttif p?ml^l^» . (0 i S 

To 
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index for mipuiecs; ^p4 l» HWfidjd mvcfttjatioji 
of a matMr that had fo much eng^god the. at- 
tention pf the bcft philofophers and m^thcmati- 
c\m^ wap the only objeft of my wi(h, I judged '^ 
heft^ ia the firil place, tq give the obfervatioss 
juft as they vitrt madei regularly iiuir^bf red, that 
they mJ»y be readily referred to &oni the following 
tables, in which the order pf the originj^J obferva- 
tions is varied) according tQ the periods of time 
between each pfir of obferyatiom. By thus giving 
the foundations on i^i^hich the conclufy>n9 depend, 
all perfons, wha chufe jt, PMy trao^ «n4 examine 
every ((ep towi^rda the cpnclufion, and by that 
means l^e enabM to dete£t any ^rror that may have 
crept into tba operation; qr dravir fgqh further 
conclufipns aa their ingenuity may (^gjeft, and 
the maveriab bore given may warrant ' 

To fi^d tbe tkiMi of the fim'sdiaaitcep paiEo^t fertlcil liair^ 
(Coiet. i^i«. $fr^: TkcQT. a i . ) 

J A ^ f Confine ded^atfoA ^qn0. Ar- 0,03024 

.A»theP"«««af tconfioeS. _ Qo^. M ^77} 

Is to tbe prod«^ of Radius and Qpf. AUilu^c j I9»97299 

80 is the foil's c^iinfter jo cii9e 1 35^»6» a, 1 3229 

/' ■' - •• 

To the tipe (i^g^t «<^ ijg^i^^t' i9'5',i ^ip* 2,14324 

■ ' ■ - ' '% 
]c was obf^rved -*ip a' ^i".t 



Qfiflference i''«9 

AU|y)ugb the obi^rTatiaii of thf fun's diametAr pading tb^ 
wilf Uftf n<^ ifninedi«te connedion with our con^luf on ; jet thf 
tgreeniem between the calculated and the obferved time of itf 
paffing, ferres to fliow that the proper allowance was made for 
the Qbli(|uitjr of the diredioa ia which it pafled the wire. 



154 


A 


P P E 


N D 1 


X. 




Day of the 


iTo 


Time by the Time by the Thermo-^Remarks. 


Month. 




Watch. Pendulum. 


meter. 1 






h ' " 


II 


1 


July i6 I 

P.M. ; 


I 


5 19 28 


60 


50 { 


Equaforial 
fixed. 




2 


6 30 00 




49i 






3 


7 00 00 




50 






4 


8 00 00 




49 






5 


8 30 00 




49 






6 


9 00 00 




4S 






7 


9 30 00 


♦ 


45 






8 


10 cx) 00 




4S 






9 


II 00 00' 




45 






10 
II 


11 30 00 

12 00 00 




48* 
48i 




• 


12 


12 30 00 




46 






^3 


12 39 14 


. 60" 


51 




17 A.M. 


14 


I 00 00 


• 


501 






IS 


a 55 9 


60 


49 






16 


5. 00 00 


• * 


45 






17 


6 00 00 


• 


44 






18 


7 00 00 


• , 


49i 






19 


8 00 00 


• , 


47 






20 


*9 00 00 


• . • ' 


49i 






21 


II 2 23 


6o 


55* 


1 




22 


12 00 20 


60 . 


56 




P.M. 


23 


I 00 00 


• . 


54. 






24 


-2 30 00 


. • 


5^ 






25 


3 30 00 


. 






26 


4 00 00 


. 


55f 






27 


4 46 ici 


60 


5a*. 




' 








C 


Tranfit of 




28 


[5 19 24] 


■ 4* 




the Sun*s 

W. limb. 

Tranfit of 




29 


. • • * 


as 


,» 


the Sun's 


30 






1 , 


E. limb. 


5 24 9 1 GO 


SI 


■ 



It 



A P PEN D IX. 155 

It has already been faid that the watch was ufed 
only to prevent an error of whole minutes^ in efti- 
mating the time gained by the pendulum in twen- 
ty-four hours; the exa6t period of twenty^four 
hours being determined by the revolution of the 
fun. 

In order to obtain the acceleration of the pen- 
dulum, the original obfervations are transferred 
from the foregoipg table, to that which follows, 
for the convenience of arranging them according to 
the length of the intervals, beginning with thofe 
-of the Ihorteft duration: fo that the conclufion 
from each period becomes a check upon thofe that 
follow. 

In this table the firft column refers to the original 
obfervations, from which a conclufion is here to be 
drawn; thus, in the firft line, we find 27 — 30, 
by which is meant that a conclufion is to be drawn 
in this line from obfervations 27 and 30, that is, 
from the acceleration of the pendulum from four 
hours, forty-fix minutes, ten feconds and a half, 
to five hours, twenty-four minutes nine feconds in 
the afternoon, July 17. 

The fecond column exprefles the interval of time 
by the watch, between each pair of obfervations 
; referred to in the firft. 

The third column ftiews how much the pendulum 
gained on the watch, in each period expreffed in 
the fecond. 

The fourth column (hews the mean height of the 
Thermometer for each period. The 
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tiiwaieaahetgbt^ wd $Q% tbehjeigh^t of tbcthei;- 

%MJ^ ^Im^ ^ew« tbe cQntr8a.iQ9 pf tbc 
pciP()^lllm rod by the ^cgreo.of coid oxpyeijS^d U& 
the fifth column^ according to Mr. Smeaton*s ei^ 
p^rinwptK piibHftw4. ift N° 79Qf <ke Phrtpfop^M 
Tf«iiia£^Qn&fer theyMr 1^54. 

^fev$HAc9bMn. ftftW^ bo^»^k*» Q09B»ft- 
tiop would mike the peidulom gdift dttriug e^^ 
pel iod of the fecoqd cgliimit 

?2tr #^&/i( r«&iv}» (hews how raiieh the pendor 
kun would have gained cui the watch in each pe- 
riod, if the thermometer had remained at 60% and 
fhcFcfbre na coatraAion of the pendulum'^rod had 
uken pkce. 

Thi ninth c^kinm (hews how much tho watch 
ought to have loft in each perkx), allowing k to 
have loft uniforn^ly at the rate of four feconds in 
twenty-four hours, as was obferved by the tranfit. 

The tenth cohintn fhewa how much the pendulum 
would have gained on the watch, in each period ; 
allowing for its lofing at the rate of four feconds in 
twenty-four hours, and fuppofing the thermome- 
ter to have remained conftantly at 60**. 
\ The eleventh column fhews how much the pendulum 
would gain per hour according to the rate of accele- 
ration given in the tenth column for each period. 
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!lliJj5peafS by the original obfeWations iWthe ^•• 
I^tidiikifh b^ah its vibrations at 6o^\ tbe inftant/ 
iti which thelifft limb of the fun was dbferved to 
touththefrfc ot the vertical wire in the teldcppe 
6r thfe feqoatbrial, that is, at five hours, nineteen 
hliftnleSj tWttityeiglit teconds in the afternoon by 
the ^2ktA| 5ft the 1 6111 of Jiily ; and by every 
tcMWpfcrifoft of the pehddlUrt with \)^ "watch, ibat 
thfe peftdtitam wascbfiftafitly 'gaiAtng on rtife waRh, 
^hd^ a |)Cfriod of YW^ty-four hours, To\ir minutes, 
fofty'-dMfecondS, liad gained on tbe watch feven- 
^.nftlt ftt5tltlife;--gnd'WhdQ the revolutibn of "the 
fofi ms eoTftplefed, it appeared, tbat the watch 
liad loft fdul* iecondsin the exadt peribd ot twenty- 
IbUr hours ;» therefore, if four teconds loft by the 
Wlitch^ be ilibtrafted from feventy-nini&, thd tim6 
gained by the pendulum on the watch,, it willleave 
ieVehty-lRve feconds for the time gained by the pen- 
dulum on the meaftj or true time^ ik> dedli£iion 
being here made for the contraftion of the pendu- 
llTm rod by the cold. 

Thfe odd fifteen feconds are determined by ob- 
serving, that the pendulum fho^ed four feconds 
and a half exadtly when the fun had again return- 
ed to the vertical wire ; (b that this peribd is de- 
termini wliolly by the fun, and totally indepen- 
dent of the watch ; but as the watch is found by 
the fame obfervaiion to have loft only four feconds, 
recourfe is had to the intermediate comparifons of 
it with the pendulum, which clearly (how that the 

pendulum 
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pendulum had gained one whole mimte^ together 
with the fifteen feconds determined by the pendu- 
lum and the revolution of the fun : and although 
it appears by the eleventh column of the foregoing 
table that the watch did not lofe uniformly at the 
rate of four feconds in twenty-four hours, yet its 
mean rate leaves as little doubt with regard to the 
V)bole minute gained by the pendulum, as if its gor 
ing had been perfectly uniform during the whole 
time. For, if from the fum of all the periods in 
the fecond column, and of all the accelerations in 
the tenth, a mean rate be taken, it makes the ac- 
celeration of the pendulum on the watch to be 80" 
79 in twenty-four hours, which differs from the 
acceleration obferved by the revolution of the fun 
only 5", 75 ; and from the rate of going of the 
watch, determined by the revolution of the fun^ 
only i",79: hence there can be no poffible room 
to fuppofe an error of a whole minute. 

Although the period of twenty-four hours, and 
the rate of going of the watch for that time, are 
very accurately determined by the revolution of 
the fun ; it may not be improper here to take no- 
tice, that from a mean of fix altitudes of the fun, 
taken by a very good aftronomical quadrant of eigh- 
teen inches radius, the watch was computed to 
have loft 5"?, in twenty four hours, which differs 
from the rate given by the revolution of the fun 
only i"i; this niay ferve to fhew how far the 
mean of a great number of obfervations by the 

fame 
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fame obferver and inftrument may be relied on, 
when there is no other obfervation.to check or 
corroborate. 

It may alfo be proper here to mention, that the 
time by the watch was not obferved at the inftant 
that the fun had returned to the vertical wire, and 
at which the pendulum was obferved to (how 4f 
feconds, my attention being wholly engaged in 
obf^rving the pendulum. The watch was found 
to have loft 77" | by the pendulum, in twenty- 
three hours, twenty-fix minutes, forty-two feconds 
and a half. An allowance according to this rate for 
34' 4" (the fupplement of the laft obfervation by 
the watch to the time of the fun*s paflage when 
the pendulum (hewed 4"*) amounts to i^'f. 

From whence it follows, that the Weft limb of 
the fun touched the Eaft fide of the vertical hair at 
five hours, twenty minutes,' thirteen feconds and 
a half, by the watch; which had therefore loft 
four feconds iq twenty-four hours. 

As the comparifon of the watch and the pendu- 
lum in this one inftance is hot from adual obferva- 
tion, at the injiant^ byt fuppofes that the watch 
had kept for thirty-four minutes to the fame rate 
of lofing at which it had been obferved to lofe 
for nearly twenty-four hours immediately preced- 
ing ; the time by the watch thus found is infcrtcd 
in the table of obfervations within hooks to dit 
tinguilh it, that every perfon may have an oppor- 
tunity 
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tunity of judgidg how far It ought to be admitted. 
l)pon the whole it appears, that by the revolution 
of the fun, correded for the oblique direi&ion in 
which it pafled the vertical ^lr6 in the tfilefcope, 
the change oF declination and the equation frbm ttie 
time of Its Weft limb touching the wife on ihc 
] €th, to the time of its touching tht fame wire on 
the 17th of Jaly, that the pendulum giined feven- 
ly-five ^conds in twenty-lour houl-s. But as the 
mean height of the thermonietef fol- the time of 
this experiment was gH lower than 60% the height 
at which it wdS at London when the pendulum 
Was compared with 'the clock, the pe&dotum 
ought on thi^ account, according to Mr. Smeaton^s 
cxpcrirtlients, to have betn fcontratted r^^of an 
inch, and to have gained on that account 2,^^72; 
ib th^t rhe kcctkrAXidd tf the ffefldulUffl arffing 

cnly from the- diftfefence b«twe«fl the tedtude of 
Lbftdbh and 79* 50' N, iS T2,'\i^. 

The peiiduhim wte ^ontlti^d ia i(H6f}©rt, and 
the 06mpttrii&iiB bee^wfi \t §M the wwch aiMb m 
h^tft, mh Ittt^tioa M fiikfe tf fefe^d tev^lutfefl 

If th« foft : feUt ht dkv^fii ^'^loiele lieltt m&fhit^g^ 
the wind bdttg f4lr, arid lh« WWCb^r Uloudy^lto M 
t6 ttfibrd to profpe^of A^ing. th« fun in thcaftw^ 
ixxm^ the laftrumeilts w«f« takca o» iooard, and 
thd fliips ikiltd immcdtately. 
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Auguft the fourteenth, we landed the Pendu* 
lum, Equatorial Inftrument, and aftrongmical 
Quadrant on Smeerenberg Pohit, latitude 79^ 44/ 
N ; and fet up the pendulum in every refpect as 
formerly defcribed. The equaJtorial and quadrant 
were alfo fet up, and prepared for obfervation. 

The pendulum was fet a goipg when it was ex- 
actly 6^ o' o" P. M. by my watch, from which 
time it was frequently compared with the watch, 
till 5^ 50' A. M. the 1 5th V when the pendulum 
flopped. It was again fetagping, with the .addi- 
tional weight which had formerly been nifed, when 
the watch was exadly 6^ 00' 00^', and . continued 
going from that time till after five in the mornifig 
of the 1 8th, in which time the thermometer was 
obferved, and the watch and pendulum compared, 
as in the following table: many altitudes of the fun 
were taken with' the quadrant, on the 15th A. M. 
but without any further opportunity till the 1 8th 
A. M. when they were re(peJrtedrto afcertain the rate 
of the watch's lofing. 
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The following table is conftrufted in ev^ry rc- 
fpedt the fame as that defcribed page 155, and 
differs from it only in having an additional columuj 
in which is given the rate of acceleration of the 
Pendulum in twenty-four hours, according to the 
time by the watch, corrected by a mean of fixteen 
altitudes of the fun taken on the 15th, and a mean 
of thirty-nine ahitudes on the iSthofAuguft, from 
which the watch appears to have loft, during the 
interval of the three days, at the rate of 23 ',7 
per day. The rate of acceleration of the pendulum 
in twenty-four hours being thus determined, agree- 
able to the acceleration obferved in each of the laft 
eight periods, being thofe of the longed duration ; 
and thefe obfervations being already corredted for 
the thermometer ; a mean is taken from the whole 
as the true rate of acceleration of the pendulum on 
mean time in twenty-four hours. 



TABLE 
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From the refult of this table, the time gained by 
the pendulum in twenty-four hours of mean time, 
after dcdudling the acceleration on account of the 
contradlion of its rod by the cold, is feventy-three 
feconds, and fix hundredths of a fecond ; which is 
one fecond, and two hundredths of a fecond more 
than by the refult of the obfervations of the i6th 
and 17th of July. But although the rate of going 
of the watch from the 15th to the i8th days of 
Auguft, was afcertained by a mean of fifty-five al- 
titudes of the fun, I am inclined to give the pre- 
ference to the obfervations of July, where the exadt 
period of twenty-four hours was determined by a 
revolution of the fun, obferved with a telefcope 
whofe magnifying power was fixty. And notwith- 
ftanding that the height of the thermometer during 
the time of obfervaiion in Auguft was remarkably 
uniform, and that the watch was found by the 
comparifons with the pendulum to have loft during 
the whole time as uniformly as could reafonably be 
expedted ; yet a fmall irregularity in its rate of going 
near the beginning or end of the obfervation, might 
occafion the difference of this refult from the former. 

As the time corredled by the mean of fix alti- 
tudes of the fun taken on the i6th and 17 th July, 
differed only one fecond and a half from that ob- 
ferved by the revolution of the fun, there is reafon 
to believe that the period of thrcedays, determined 

O4 by 
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pendulum had gained one whole mmic^ together 
with the fifteen feconds detcrmrned by the pendu- 
lum and the revolution of the fun : and although 
it appears by the eleventh column of the foregoing 
table that the watch did not lofe uniformly at the 
rate of four feconds in twenty-four hours, yet its 
mean rate leaves as little doubt with regard to the 
whole minute gained by the pendulum, as if its gor 
ing had been perfeftly uniform during the whole 
time. For, if from the fum of all the periods in 
the fecond column, and of all the accelerations in 
the tenth, a mean rate be taken, it makes the ac- 
celeration of the pendulum on the watch to be 80" 
79 in twenty-four hours, which differs from the 
acceleration obferved by the revolution of the fun 
only 5", 75 ; and from the rate of going of the 
watch, determined by the revolution of the fun,, 
only i",79: hence there can be no poflible room 
to fuppofe an error of a whole minute. 

Although the period of twenty-four hours, and 
the rate of going of the watch for that time, are 
very accurately determined by the revolution of 
the fun ; it may not be improper here to take no- 
tice, that from a mean of fix altitudes of the fun, 
taken by a very good aftronomical quadrant of eigh- 
teen inches radius, the watch was computed to 
have loft 5"!, in twenty four hours, which differs 
from the rate given by the revolution of the fun 
only i"i; this may ferve to (hew how far the 
mean of a great number of obfervations by the 

fame 
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fitne obierver and inftruineot may be relied on, 
when there is do other obfervadoa to chedLor 
corroborate. 

It may aUb be proper here to wa^&xi^ that tbe 
time by the watch was not ob'^rved at the idi 2 rx 
that the fun had retarded to the rcrJcsl « lie, irA 
at which the pezxlolam vas cbitrrtd to Czjrjm xi 
iecoodsy my attcstiaa bcbg nhrJlj ^zJged iz 
obftrn:3g the pcidiilirrL The «ixh ms, ijirji 
to hare loft 77 x bv tbr ^esi_-rL li t^tn'*'- 
three boars, twe^n^-Li nlirt^s. fijrr-rp-:- Tcztj-^^j:, 
aid a hal£ A:; albwaijcsacxxrf Tg i- :i:: rsr* Ix 

the warch t) ths txne: \£ ve ir-'i piiSc* -v :ist 

tbc iiir tDnired ^-i F^fr fcli* -^ ie 7'rr.cii ''^^r a: 
£r£ hnQZB, rweirr r::i.T:">ray currgg Jfexnita ^d 

ibnr trnrr^ ia twdt7-^::J2r hi'j;rx. 

Af lie L-arparJbu'ijr die warch aid :r:;e y^.dtw 
JiHE nmtt see xrirrcr Ta nrx :j:rn: ichifti ^x/er^'^ 
'uau, ja ziK zmlEn^ cut ili^zcciea :niir :it* viii^M 
iac fist ijr d:'rrj-f:iirxi.:i;rei riv 'iitt imict rire 
cf xiiii5 it wita:*! X EiAi Iiissa ^rjen"^ iv j ue 
iir jBaru ^t^zri-ijcx fccca jzniitdanii'* ^r*::.i.-v 

iL lie lane «ic ^cJiirrirxna vuu,>l :j:s^x w Ci.- 
inir.uiB..a duicc-si-v r^rTji— j,- -x -t *.: v::..'- 
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tunity of judgirig how far it ought to bie admitteci. 
l)pon the whole it appears, that by the revolution 
of the fun, corre<5ted for the oblique dire^ion in 
which it pafled the vertical ^Irfi in the tfilefcope; 
the change oF declination arid the equation frbm ths 
time of Its Weft limb touching the wife oh the 
i5th, to the time of its touching tht fame wire on 
the 17th t)f Jaly, that the pendulum gained feven- 
ty-five feconds in twenty-four hpul-s. Bilt as the 
mean height of the thermonletef fol: the time of 
this experiment was gH lower than 60% the height 
at which it wdS at London when the pendulum 
^*as compared with ' the clock, the pehdulutrl 
ought on thi^ account, according to Mr. Smeaton^s 
experiments^ to have b^n tontraiJlEed —^ of an 
inch, and to have gained on that account 2,^^72 v 
to th« the ktctkv^tidti bf the pefidulUffl Sfifing 

only from th<e di^ttnw bt*twe*i the tetStude <J 
Lofidbh and 79^ 50' N, iS 7V*,2S. 

Tfte pendulum ^fts i^tatinM^d ^ iBbtiefl, and 
the <^&m^^ii&% tm^i^n it mA the w»ch iiidda m 

W6ft^ mh i»t^tio& }id «kkt It (tG^d teVeluftoH 
rf th« foft : feUt ht tAtWla ^'doCk lie» ffid^hii^gj 
Ih^ ^M beiilg f^ir, arid lh« \tt&Albtr t^oUdy^i^ H 
tettflf^d hoprofp«6l<tf^ ie«ijig th« fuoita theafti^r^ 
hom^ the bftrumehts w«r« taken oa board, ^ 
ihts ifaips ikiltd icilmediatcly. 



Auguft 
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Auguft the fourteenth, we landed the Pendu* 
lum. Equatorial Inftrument, and aftrongmical 
Qyadrant on Smeerenberg Pdhit, latitude 79^ 44' 
N ; and fet up the pendulum in every refpect as 
formerly defcribed. The equatorial and quadrant 
were alfo fet up, and prepared for obfervation. 

The pendulum was fet a going when it was ex- 
adlly 6** o' p" P. M. by my watch, from which 
time it was frequently compared with the watch, 
till g^ 50' A. M. the 1 5th V when the pendulum 
flopped. It was again fet a.gping. with the .addi- 
tional weight which had formerly been uied, when 
the watch was exadly 6'? 00' 00", and continued 
going from that time till after five in themomirig 
of the 1 8th, in which time^ the thermometer was 
obferved, and the watch and pendulum compared, 
as in the following table: many altitudes of the fun 
were taken with the quiadrant. on the 15th A. M. 
but without any further opportunity till the i8th 
A.M. when they were repeatedrto afcertain the rate 
of the watch's loftng. 



Day 



»74 
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Ursus MarUimus. Linn. Syjl. Nat. 70. i. 

Polar Bear. Penn. Sy». §luadr. p, 192. T. 
20. F. I. 
Found in great numbers osx the main land of Spitf* 
bergen ; ae alio on the iflanda and ice fields adja- 
cent. We killed feveral with our mufquets, and 
the (eamefli ate of their fleifa^ though exceeding 
coar(e. This animal is muck larger than the black 
bear ; the dimenfions of one were as follows : 

Feet. Inches, 

Length from the fcout to the taiJ, 7 i 

Length from the fnout to the (houlder^bone, a 5 

Height at the (boulder, - - 4 3 

Circumference near the fore legs, - 70 

Circumference of the neck clofe to the ear, z x 

Breadth of the fore paw, - o 7 
Weight of the carcafe without head, Ikin 
or entrails, - - - 610 lb, 

Cervus Tarandus. Linn, Syji, Nat. 93. 4. 

Rein Deer. Pcnn. Syn. ^adr. p. 46. T. 8. 
F. I. 
Found every where on Spitfbergen. 

We ate the flefli of one which we killed, and 
found it excellent venifon. 

Balaena Myjlicettu. Linn.SyJi. Nat. 105. i.' 
Common Whale, Penn. Brif. Zool p. 85. 

This 
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This fpccics, which is fought after by the fiftxer- 

men in preference to all other >vhale$, is foun^ 

generally near the ice. We faw but few of them 

during our ftay. 

Balaeka Phyfahs. Linn. Syft. Nat. 106, 2, 
Fin Fi(h. Penn. Brit, Zod. p. 41. 
Found in the oce^n near Spitfbergen. 



A V E S. 

Anas molljffima. Linn.Sy/i. Nat. 198. 15. 
Eider Duck. Penn, Brit. Zool^ p. 454, 
^ Found on the coaft of Spitfbergen. 

Alga arnica. Linn. Syft. Nat. 211. 4. 

The Pufiin. Ptnn. Brit. Zool p. 405, 
Found on the coaft of Spitfbergen. 

Alca Alle. Linn. Syft. Nat, 211.5. 
Foupd on the coaft of Spitfbergen in great abun- 
dance. 

Tkocell Am A glacialis. Linn. Syft. Nat. 213. 3. 
The Fulmar. Penn, Brit, Zool. p. 43 1- 
Found on the coaft of Spitfbergen. 

CoLYMBUs GryJU, Linn. Syft. Nat. 220. i. 
Found on the coaft of Spitfbergen. 

CoLYMBUS 
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CoLYMBUS TroSe. Linn, Syft, Nat. zzo.z. 
Found on the coaft of Spitfbergea 

CoLY MBV s glacialis. Linn, Syji, Nat. 2Zi. 5. 

The great Northern Diver. Penn. Bra. 
ZooL p. 4,13. 
Found on the coaft of Spitfbergen. 

lahVLVS Rijfa, Linn. Syft. Nat. 224. 1. 
Found on the coaft of Spitfbergen. 

Lar u s Parajiticus, Linn, Syfi. Nat. zzS.io. 

The Arftick Gull. Penn. Brit. Zool p. 42 ex 
Found on the coaft of Spitft>ergen. 

Larus Eburneus^ niveus, immaculatus, pedibus 
plumbco-cinerers. 
Found on the coaft of Spitfbergen. 

This beautiful bird is not defcribed by Linnaeus;, 

nor, I believe, by any other author ; it is nearly 

related indeed to theRaihfher, defcribed by Martea 

in his voyage to Spitfbergen, (See page 77 of the 

Englifh tranflation) but, unlefs that author is much 

miftaken in his defcription, differs effentially from 

it. Its place in the Syjiema Naturae feems to be 

next after the Larus navius^ where the fpecifick 

difference given above, which will diftinguifti it 

from all the fpecics defcribed by Linnaeus, may be 

inferted. 

Description. 
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Description. 

Tota avis (quoad pennas) nivea, immaculata. 

Rqftrum plumbeum. 

OrbitiB oculorum croceae. 

Pedes cinereo-plumbci. Ungues nigri* 

Digitus Pqfticus articulatus, unguiculatus. 

AU Cauda longiores. 

Cauda aequalis, pedibus longior. 

Longitudo totius avis, abapice roftri ad 

finemcaudae, - - Uncias 16 

Longitudo inter apices alarum expanfarum, 37 

— . Roftri, . . . £ 

Sterna Hirundo. Linn. Syft. Nat, 227. 2. 

The greater Tern. Penn. Brit. Zool p. 428. 
Found on the coaft of Spitsbergen. 

Emberiza nivalis. Lynn.Syft. Nat. go8. i. 

The greater Brambling. Penn. Brit. 
Zool. 321- 
Found not only on the land of Spitfbergen, but alfo 
upon the jce adjacent to it, in large flocks : what 
its food can be is diiScuIt to determine -, to all ap- 
pearance 
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pearance it is a granivorous bird, and the only one 
of that kind found in thefe climates, but how 
that one can procure food in a country which pro- 
duces (b few vegetables, is not eafy to guefs. 



AMPHIBIA. 

CvcLOPTERts Liparis. Linn. Syft, Nat. 414. 3, 
Sea Snail. Penn, Brit.ZooL III. p. 105. 
Two only of thefe were taken in a trawl near Seven 
IflandBay. 



PISCES. 

Gadus carbonarius. Linn^Syft, Nat. 4^8. g. 

The Coal Fi(h. Penn. Brit, ZooL III. p. 152. 
Though we trawled feveral times on the North 
fide of Spitfbergefn, and the feameri frequently 
tried their hooks and lines, yet nothing was taken 
except a few individuals of this and the foregoing 
Ipecies. 



I N S E C T A. 

Cajtcer Squilla. Linn. Syji. Nat. 1051. 66. 

The Prawn. Men. Pin. 192. 

Found 
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Found in the ftomach of a fcal, caught near the 
coaft of Spitlbergen. 

. Cances BoreaSy macrourus^ thorace carinato 
aculeato, manibus Ixvibus^ poUice fubulato 
incurvo. 
This Angular fpecies of Crab, which has not 

before been defcribed, was found with the former 
in the ftomach of a Seal ; its place in the Syftema 
Natura feems to be next after Cancer Norwegicus. 



Descriptiok. 

^borax ovatus, tricarinatus : Carina laterals 
tuberculofae, antice Ipina acuta terminatse \ Carina 
dorfalis ipinis tribus vel quatqor validis armata; 
antice produdla in roftrum porredum, acutum, 
breve, Thorace quintuplo brevius ; praeter • fpinas 
carinarum, anguli lateralcs thoracis antice in fpinas 
terminantur. 

^uienna duae, thorace fere triplo brcvicres, bi- 
fida: Ramulus Superior craffiufculus, filiformis, 
obtufus ; Inferior gracilis, fubulatus. 

Palpi duo, duplicati ; Ramus fuperior foliatus, 

feu cxplartatus ?n Imninam ovalem, obtufam, Ion- 

"gftudfne antennarum, intus et antice villis ciliatani ; 

'Ramus interior antenniformis, fubulatus, multiar- 

ticulatus, antennis triplo longior. 

Para/tatides 
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Parafiatides decern^ anteriores parvi-, poftreml 
magni, pediformes articulo ultimo explanato in 
laminam ovali-oblongam. 

Pedes decern, duo primores cheliferi, carpis in- 
craflatis, reliqui fimplices; pares fecundi et tertii 
filiformcs, graciles ; quarti et quinti crafliufculi. 

Cauda thorace longior, fexarticulata ; articulis^ 
quinque anterioribus carinatis, carinis fpina antror^ 
fum vergente armatis \ articulus fextus fupra biqa- 
rinatus, muticus, terminatus foliolis quinqu6, arti- 
culis caudc Jongioribus ; intermedio lanceolato^ 
acuto, porrefto^ craflb, fupra planiufculo, quadri- 
carinato carinis interioribus obfbletis, fubtus con- 
cavo i lateralibus ovali-oblongis, obtufis. 

Neufieri decern (nulli fub articulo ultimo) dupli- 
cati : Foliolis lanceolatis, ciliatis. 

Obf. Specimina magnitudine variant, alia triun- 
cialia, alia feptem uncias longa. 



Cancer Ampulla j macrourus, articularis, corpore 
ovali, pedibus quatuordecim fimplicibus, la- 
minis femorum poftici paris ovato-fubrotun- 
dis. 

This fingular animal was alfo taken out of the 
ftomach of the fame feal in which the two former 
were found. Its place in the Syftema Natura is 
next to Cancer Pulex. 



Description* 
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Description. 

Infedtum ex ovali-oblongum, glabrum, punftu- 
latum, articulis quatuordecim compofitum, quorum 
primus capitis eft, feptem thoracem mentiuntur, et 
iex caudam tegunt. 

Grp/V/j clypeus antice inter antennas in procefium 
conicum, acutum defcendir. 

Antenna quatuor, fubulatae, articulates, fimplices^ 
corpof e decuplo breviores. 

Pedes quatuordecim, fimplices, unguiculati ; fe^ 
mora poftremi parispoftice acuta, lamina dimidiato- 
fubrotunda, integra, magna, quatuor lineas longa. 

Cauda foliata, foliolo uaicobrevi bifido: Lacinia 
lanceolatae, acutae. 

JV>«/?m duodecim, duplicati, fubulati, pilis longis 
ciliati, pofteriores retrorfum porrcAi. 

Obf Specimina magnitudine variant, uncialia et 
biuncialia erant. 

Cancer nugax^ macrourus, articularis, pedibus 
quatuordecim fimplicibus, laminis femorum 
fex pofteriorum dilatatis fubrotundo-cordatis. 

This animal, which has not before been de- 
fcribed, Ihould be inferted in the Syjiema Natura 
ntzr Cancer Pulex ', it wiis taken in the trawl near 
MofFen Ifland. 

p Description. 
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Description. 

Infedlum oblongum, compreflum, dorfb rotun- 
datum, glabrum, fefquiunciale, articulis quatuor- 
decim compofitum, quorum primus capitis eft, 
feptem thoracem mcntiunter, et fex caudam cffi- 
ciunt. 

Capitis Clypeus finu obtufo antice pro antennis 
cmarginatus. 

Antennae quatuor, fubulatae, multiar ticulatse ; 
fuperiores corpora fextuplo breviores, bifidae : arti- 
culo bafeos communi, magno; Ratnulus interior 
cxteriori duplo brevior. 

Ififeriores fimpHces, fuperioribus duplo longiores. 

Pedes quatuordecim, fimplices, unguiculati, un- 
guibus parum incurvis. Femora fex pofteriora po- 
ilice au£ta. 

Lamina foliacea, fubrotundo-cordata, dimidiata, 
margine Integra, magna, (tres lineas longa.) 

Cauda apice foliata. Folidis duobus, oblongis, 
obtufis, parvis. 

Neufteri duodecim, duplicati, lineari-lanceolati, 
pofteriores retrorfum porreCli, ut facile pro appen- 
dicibus caudae fumantur. 

Cancer Pukx. Linn. Syft. Nat. p. 1055. 8r. 
Taken up in the trawl along with the former. 



VERMES. 



APPENDIX. ig^ 



VERMES. 

SiPUNcuLUS LendiXy corporc nudo cylindraceo, 
apertura fubterminali. 

Found adhering, by its fmall fnout, to the in- 
fide of the inteftinesof an Eider Duck. Mr. Hun- 
ter, who at my requeft differed it, informed me 
that he had feen the fame fpecies of animal adher- 
ing to the intcftines of whales. . 



Description. 

Corpus croceum, fubcylindraceum, tres lineas 
longum, craflitie pennae paflerina, utraque extre- 
mitate parum attenuatum, apice terminatum ia 
Rojirum anguftum corpore quintuplo brevius, quo 
tunicis internis inteftinoruoi fefe affigit; prppe al- 
teram extremitatem Apertura fimplex, pro lubitu 
oxtenfibilis. 

AsciDi A geJaiino/a. Linn.Syft. Nat, 1087. 2. 

Taken up in the trawl, on the North fide of 
Spitlbergen. 

P 2 ASCIDIA 
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AsciDiA ruftica. Linn. Syft. Nat. 1087. 5. 
Taken up likewife in the trawl, on the North 
fide of Spitfbergen. 

IjEKj^ea brancbialis. Linn. Syji. Nat. logz.i. 
Found in the gills of the Sea fnail mentioned be- 
fore. 



Clio belicina nuda corpore fpirali. 

Marten's Spitjbergcn Engtijb^ p. 141. t. Qg^ i 

fig. f . Snail flime fifh. 
Found in innumerable quantities throughout the ' ' 
Ardtick Teas. 



Description. 



Corpus magnitudine pifi, in fpiram ad inftar he- 
licis involutum. 

^/«f ovatae, obtufe, expanfae, corpore majores.' 

Clio Jimacina nuda, corpore obconico. 

The Sea May Fly. Marten's Spitjbergen 
Englijb^ p. i6p. T^b. P. f. 5. 

This little animal is found where the lafl is, in 
equal abundance, peopling as it were this abnofl 

unin- 
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uninhabited ocean. Marten (ays that they are the 
chief food of the whale-bone whale ; and our fi(h« 
ermen, who call them by the name of jvhale food, 
are of the fame opinion. 

Medusa capillata. Linn, Syji. Nat. 1097. 6. 

Sea Blubber. 
Taken up on the paflage home, about the lati- 
titude es"". 

AsTERiAS pappofa. Linn.Syft. Nat. 1098. 2. 
Taken up on the North fide of Spitsbergen. 

AsTERiAS rubens. Linn. Syff. Nat. 1099. 3. 

Sea Star. 
Alfo taken up in the trawl on the North fide of 
Spitlbergen. 

AsTERiAS Opbiura, Linn. Syft. Nat. iioo. 1 1. 
We likewife took this up in the trawl, on the 
North fide of Spitlbergen. 

AsTERiAS pe^inata. Linn- Syft. Nat. 1 loi. 14. 

This, as well as all the reft of this genus, was 
taken up in the trawl on the North fide of Spit- 
lbergen. 

P 2 Chiton 
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Chiton ruber. Linn. Syft. Nat. 1 107. 7. 

Cbat of Mail Shell. 
Taken in the trawl, on the North fide of Spit- 
Ibergen. 

Lepas Tintinnabulum. Linn. Syft, Nat, 1168. 12. 
Acorn Shell. 

Was picked up on the beach of Smeerenberg 
harbour i but as it is much worn and broken, it is 
impoilible to be certain, whether it is a native of 
thofc feas, or has been brought there by accident. 

Mya truncata. Linn. Syft. Nat. 1 1 1 2. 26. 
Likewife found on the beach in Smeerenberg 
harbour. 

Mytilus rugofus. Linn. Syft. Nat. 1 156. 249. 
Was found with the former on the beadh at 
Smeerenberg. 

BucciNUM carinatumy tefta oblongo-conica tranf- 
verfim ftriata; anfradtibus fuperioribus oblique ob- 
tufeque multangulis -, inferioribus unicarinatis. 

Found on the beach at Smeerenberg harbour. 

Turbo 
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Turbo belicinusy tefta umbilicata convexa ob- 
tufa : anfradibus. quatuor kbvibus. 

Taken up in the trawl, on the North fide of 
Spitfbergen. 

Serpula fpirofbis. Syft. Nat. 1265. 794. 
Found in plenty (licking to the (tones and dead 
(helJs in Smeerenbei^ harbour. 

Serpula triquetra. Linn. Sjft^Nat. 1265. 795. 
Found with the laft adhering to dead (hells. 

Sabella fn^uh/a^ tefta folitaria libera fimplid 
curvata : fragmentis conchaceis fabulofifque. 

Taken up in the trawl on the North fide of 
Spit(bergen. 

Description. 

Vagina fpithamea vel longior, cralfitie pennae 
anferinae, undique tedta fragmentis conchaceis faepe 
magnitudine unguis^ et fabulis magnitudine femi- 
num cannabis. . 

MiLLEVOK A polymorpbn. Linn. Syft. Nat.iz^S- Ss^ 

Varietas rubra. 

, Found thrown up on the beach at Smeerenberg 

harbour. 

P 4 Cellepora 
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Cellepora pumicofa. Linn. Syfi, Nat. 1286. 56. 
Found on the beach at Smeerenberg. 

Syndic UM turgens. 

Taken up in the trawl, on the North fide of 
Spitfbergen. 

This animal is quite new to the Natural Hifto- 
rians, and (o different from the Zoophytes which 
have been hitherto defcribed, that it may be con- 
fidered as a diftinft genus, whofe charadtersarethc 
following : 

Animalia nonnulla, ex apice finguli ftirpis fefe 
aperientia. 

Stirpes plures, radicatae, carnofo-ftupofe, e bafi 
communi ereftae, cylindraceae, apice rcgulariter 
pro animalibus pertufie. 

It fhould be inferted next to the Alcyonium, with 
which it in fome particulars agrees, but differs from 
It materially in having the openings for the animals 
only at the top, and the animals themfelves not 
exferted like polypes (Hydra) which is the cafe in 
the Alcyonium. 

Description. 

Stirpes plures, radicatae, carnofo-ftupofae, digiti- 
formcs, cylindraceae, fuperne paulo craffiores, ob- 
tufae, magnitudine digiti infantis, fuberedae, apice 
orificiis nonnuUis perforata^, inferne dilatatae fue 

cxplanatae 
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explanatse in bafin communem lapidibus adhaereo- 
tem. 

Or^cia fex ad novem, ordine circukri plerum* 
que difpofita ; fub fingulo orificio cavitas longitu- 
dinalis, forfitan fingulo animali propria, in qua 

jmo Faux angufta, brevis. 

2^0 Inteftinutn inftar ftomachi dilatatum, oblon- 
go-ovatum, inferne foratninibus duobus pertufum ; 
inter ilia foramina aliud de(cendit inteftinum, valde 
anguftum, filifdtme, arcum brevem formans. 

Cavitas^ quae per totam ilirpem longitudinaliter 
pro (ingulo animali deorfum tendit, fuperne ab in- 
teftinis vix diflindta, infra iila autem cylindrum ex- 
hibet granulis parvis (forfitan ovulis) repletam. 



Vlvstr A pilo/a. Linn. Syft. Nat. 1301. 3. 
Found adhering to ftones in Smeerenberg har- 
bour. 



Fl u s T R A membranacea. Linn. Sjft. Nat. 1 30 1 . 5. 
Found with the lad mentioned (pecies. 



PLANTS. 

Agrostis algida panicula mutica contrada, ca- 
lycibus breviilimis inasqualibus. 

This 



i^o APPENDIX. 

Tlus (mall grafs, which has not before been 
known to botaniils, may be inferted among the 
ipecies of Agrtfiis next to the minima. 



Description. 

Gramen in caelpitibus nafcens. 

Radix SbxQ&ij perennis. 

Folia plurima radicalia, pauctiTima caulina, gla- 
bra^ latiulcula, longitudine culmi, patula, bafi di- 
latata in vaginas iaxas. 

Culmi adfcendentes, glabri, feiquiunciales. 

PanicuJa lineari-oblonga, contradla, ftrida, mul- 
tiflora. 

Calycis Gluma membranacex, albidae, glabrae, 
muticae, inaequales: exterior minutiflima, ovata, 
obtufa; interior oblonga, acuta, corolla quintuplo 
brevior. 

Corolla Gluma oblongae, acutae, carinatae, inu- 
ticae, glabrae, fcmilineares : exterior paulo longior. 

Stamina tria. 

Stigmata duo. 

Semen unicum, oblongum, utrinque acumina- 
tum, a corolla liberum. 

TiLL/BA aquatica, Linn, Spec, Plant. i86. 2. 

JuNcus campeftris. Linn, Spec. Plant. 468. 17. 

Saxifraga 
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Saxifraga oppopifolia, Linn.Spfic. Plant. S*j^. i8. 

Saxifraga cernua. Lmn.Spec. Plant. 577. 26. 
Saxifrica rwularis. Linn. Spec. Plant, sj'j. 28. 
Saxipriga cafptofa. Linn. Spec. Plant. 578. 34. 
Cerastium alpinum. Linn. Spec. Plant. 6z%. 8. 

RANUNcuLusy«^iw«w,,calycibus hirfutis, c;iulc 
fubifloro, petalis rotundatis, integer rimis, folils in- 
ferioribus fublobatis, fupremis multipartitis. 

Ranunculus quartus. Mart. Spitz. Engl. p. 58. 
T. T. F. d. 

Obf. Primo intuitu Ranuncula glaciali fimillimus, 
difiert autem, quod Petala rotundata, integerri- 
ma^ intenfe lutea, fulgida ; et Folia minus fubdi- 
vifa ; fuperiora fifTa, laciniis oblongo-lanceplatis in- 
tegerrimis inferiora caulina lata, plana, Leviter tri* 
bba vel quadriloba. 

This new plant ftiould be inferted next to Ra- 
nunculus glacialis. 

CocHLEARiA Danica. Linn. Spec. Plant. 903. 3. 

CocHLEARiA Gfocnlandica. Linn. Spec. Plant. 
904. 4. 

Salix berbacea. Linn. Spec. Plant. 1445. 16. 

PoLYTRicHUM communc. Linn. Spec. Plant. 
1573- I- 

Bryum 
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Bryum Hypnoides, Linn. Spec. Plant. 1584. 2i. 

Befides thcfe, there were 'two other kinds of 
Bryum, the fpecies of which could not be deter- 
mined, for want of the fruftification -, the one re- 
iembled Bryum trichoides laete virens, &c. DHL 
Muf€. 391, t. 50, f. 61 ; and the other Bryum 
hypnoTdcs pendulum, Dill. Mufc. 394, t. 50, F. 
64, C 

Hypnum aduncum. Linn, Spec. Plant. 1592. 23. 

JuNGERMANNiAyi//^zr^j. Linn^ Spec. Plant. 1601. 
20. 

Another fpecies of Jungermannia was alfo found, 
but without frudtification ; it is not much unlike 
Lichenaftrum ramofius foliis trifidis. D/7/. Mu/c. 
489, t. 70, f. 15. 

hicHEiJ ericetorum. Linn. Spec. Plant. 1608. i2. 

Lichen IJlandicus. Linn. Spec. Plant. 161 1. 29. 

Lichen nivalis. Linn. Spec. Plant. 161 2. 30. 

Lichen caninu^. Linn. Spec. Plant. 1616.48. 

Lichen polyrrhizos. Linn. Spec. Plant. 161 8. 57. 

LicHEiJ pyxidatus. Linn. Spec. Plant. 1619. 60. 

Lichen cornutus. Linn. Spec. Plant. 1620.64. 

LicKen 
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Lichen rangiferinus. Linn. Spec. Plant. i6ao, 66. 
Iacozv globiferus. Linn. Mant. 133. 
LicHEJ!^ pa/cbalis. Linn. Spec. Plant 1621. 6g. 
LiiCHEif, ckalybeformis. Linn. Spec. Plant 1623. 77. 



Account 
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Account of Dodlor Ir vino's Method of obtaining 
frefh Water from the Sea by DiftillatioD. 

AS the method of rendering fait water frefli, by 
diftillation, introduced by Doftor Irving 
into the Royal Navy in the year 1770, and prac- 
tifed in this voyage, is an objedt of the higheft 
importance to all navigators, and has not hitherto 
been generally known, I have added the following 
very full account of its principles, apparatus, and 
advantages, with which I was favoured by Doctor, 
Irving himfelf. 

** Previous to an account of this method of 
** rendering fea water frefli by diftillation, it may 
" not be improper to give a (hort detail of the ex- 
** periments which have been formerly made by 
^ others on this fubjedt, pointing out at the fame 
** time the feveral diladvantages attending thejr pro- 
^' cefles, and the general caufes which obftrudted 
" the defired fuccefi. 

*• Without entering into an account of the ear- 
" Her experiments, it will be fufficient to take a 
'* view of fuch as have been profecuted with moft 
** attention, for the laft forty years. 

** The firft of thefe was the procefs of I^r. Ap- 
** pleby, publiffied by order of the Lords of the 

Admiraltv, 
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*' Admiralty, in the Gazette of June 22d, 1734. 
^ By the account of that proce(s it appears, that 
** Mr. Appleby mixed with the fea water to be dit 
*^ tilled, a confiderable quantity of the Lapis In^ 
^^fernalis and calcined bones. The highly unpo- 
** latable tafte of the water, however, exclufive of the 
*' extreme difficulty, if not impoffibility, of reduc* 
" ing the procefe into pradticc, prevented the fur- 
" ther profecution of this method. 

** Another procefs for procuring frefh water at 
" fea, was afterwards publiflicd by Dodor Butler. 
" Inftead of the Lapis Infernalis and calcined bones, 
** he propofed the ufe of foap leys; but though the; 
** ingredients were (bmewhat varied, the water 
^* was liable to the fame objections as in the precede 
^ ing experiment. Dodor Stephen Hales ufed 
^' powdered chalk ; and introduced ventilation, by 
^^ blowing (bowers of air up through the di^illing 
'•* water, by means of a double pair of bellows, k 
" was found by this method, that the quantity of 
" frefli water obtained in a given time, was fome- 
** what greater than what had been procured by 
" the procefe of Mr. Appleby. This invention, 
** however, was fubjeft to feveral difadvantages. 
•* The air box which lay on the bottom of the ftill, 
" as well as the chalk, much obftrudted the adlion 
** of 'the fire upon the water, at the fame time that 
" the boiling heat of the latter was diminifhed by 
** the ventilation : fo that more than double the 

** ufual 
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** tifiial quantity of fuel was neccflary to produce the 
** fame cffcd. Befides this method by no means 
•* improved the tafte of the water. 

** The next who attempted any improvement 
^ was the learned Dodtor Lind, of Portfmouth. 
•• He diftilled fca water without the addition of 
** any ingredients ; but as the experiment he made 
^^ was performed in a veilel containing only two 
•* quarts^ with a glafe receiver, in his ftudy, no* 
** thing concluiive can be drawn from it for the ufe 
** of fhipping. Indeed experiments of the like 
^ kind had been made by the chemifls in their la- 
** boratories, for at leaft a century before. 

**In the year 1765, Mr. Hoffman introduced 
** a Still of a new conftruAion, with a /ecref ingre- 
** dient% but the large fpace which this machine 
** occupied, being feven feet five inches by five 
^ feet eight inches, and, with its apparatus, fix 
** feet feven inches high, made it extremely incon- 
" venient : at the fame time that, on account of 
** its (hallow form, the ufe of it was impradticable 
** during any confiderable motion of the (hip. The 
** water obtained, likewife, pofleffed all the difad- 
** vantages common to the preceding methods. 

** About the fame time experiments were made 
" with a ftill of the common conftrudtion, and Mr. 
** Dove's ingredient. This method was attended 

*^\vith 
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** with lio advantage aver any that had been for- 
** itlerly ufed j tht diftilted t^lrater waS riioft iinpa- 
** latdblet ahd thtf etiorni6us fitt of the appif&tus, 
•* which occapicd a fpace of thir'teen k6t feven 
" inches by fii feet dhe inch, and fix feet five ifich^s 
" in height, rendered it iftipraClicable on board 
** fhtps. An eiiperiment was ininiediately after- 
*• wirds made With the farri^ ftill without any iri- 
" gredienti the rdfult, how^Vet, wai uniformly a 
" iiioft uripilatable tafteof the water. 

^* About this period, alfo^ M. Poiflbnnier of Piris 
** introduced into th6 F^rttch mafinc a ftill, three 
** feet fix niches brig, two feet wide, and eighteen 
" inches defepr. A portioft of the chimney paffed 
" through the upper part of the ftill, much in the 
** feme manner sA that of Mr. Hoffrnan : thefe 
"gentlemen fuppofed that by this means they 
« ftiould fave fuel The mouth of M. Poiflbil. 
" nief's ftill was thirteen infches wide, on which he 
** placed a tin plate, pierced Kkc a cullender, with 
*♦ thirty-fcven holes of fix lines diameter each -, to 
" thefe wefe fixed tin pipes, of the fame bore and 
*' feven inches long, terminating within the ftill- 
•* head. The intention of this contrivance is to 
^* prevent any of the water in the ftill frort paf- 
" fing over into the worm, while the (hip is ia 
^^ confiderable motion. 

O '•In 
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" In every other relpeft M. PoiflbnDier employs > 
" a ftill-head, worm-pipe, and worm-tub, wi(h. . 
^' all its ufual apparatus ; and he dired^s fix ounces « 
** of fojjil alcali to be mixed with the fea water at * 
" each diftillation, to prevent the acid of the Mag- 
^* nefia fait from rifing with the vapour, when fait 
" begins, to form on the bottom of the ,ftill. It is 
" probable that in M. Poiflbnnier's ftill, which was- 
** even more (hallow in its form than Mn HofF- 
" man*s, (bme of the water might be thrown up . 
** toward the worm; in which cafe the pierced 
** plate with pipes might be of fbme fervice .in 
"breaking the diredlion of the water. But by , 
^ Dodtor Irvipg's tube this inconvenience is entirely. . 
** prevented, as experience fully evinces, viz. in a - 
" voyage to Falkland's Iflands, where it has been 
" ufed in diftillation every day ; in feveral voyages 
**.to the Eaft Indies; and in this voyage, as is men- 
** tioned in the Journal. 

^" M; Poiffonnier, in correfting this error in the 
" conftrudion of his ftill, has introduced another 
"of the mpft capital nature in diftillation. For 
" by means of the pipe-cullender, the vapour will 
" meet with the greateft refiftance to its afcent, . 
*' which will retard the progrefs of diftillation in a 
" very high degree, and increafe the Empyreuma. 

" From all the experiments abovementioned, it, 
•'is evident, that no method had hitherto been, 
*' invented of making fea-water frelh, which was 
** not attended with fuch inconveniences as rendered 

"the 
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** the fevcral procefles of fcarcc any utility. The de- 
**fedlsof the various methods above enumerated, 
" may be reduced to the following heads: 

" I. The fmall quantity of water produced by 
" the ordinary methods of diftillation with a ftill- 
** head, and worm, could never be adequate to the 
*• piu-pofes of (hipping^ though the apparatus 
** fhould be kept in conftant ufe ; and at the fame 
" time, this mode of diftillation required a quantity 
** of fuel, which would occupy greater fpace than 
*' might be fufficient for the ftowage of water. 

" 2. A Still-burnt tafte, which always accompanies 
** this method of diftillation, and renders the wa- 
** ter extremely unpalatable, exciting heat and 
** thirft, if drank when recently diftilled. 

" 3. A total ignorance with refpedl to the proper 
" time of flopping the diftillation, whereby fait was 
" permitted to form on the bottom of the boiler ; 
*^ which burning, and corroding the copper, de- 
" compofed the felenitic and magnefia fairs, cauf- 
" ing theix acids to afcend vt-ith the vapour, and 
" adt on the ftill-hcad and worm pipe, impregnating 
*^ the water with metallic faltsof the moft pernici- 
** ous quality. 

. ** 4. The fpace occupied l?y the ftill, ftill-hetld, 

"and worm-tub, renders the ufe of them in moft 

** cafes totally impradicable onboard fl^iips. Add 

" to this, their wearing out fo faft on account of the 

Q^z " caufejs 



20O APPENDIX 

"caufcs above mentioned, the great expence of 
" the apparatus, with the hazard of the ftill-head 
•* being blown ofl^ and the inconveniences thence 
** arifing. 

** 5- The ufe of ingredients, which though 
** omitted in fome experiments in fmall, were ne- 
** verthelefs erroneoufly confidered aseffcntialto the 
" making fea- water fweet and palatable by diftiUation. 
" 6. The inconvenience of a cumberfbme appa- 
** ratuff, calculated only to be eventually ufeful in 
"unexpefted diftrefs for water, but conftantly 
" occupying a great deal of room in a (hip, Joo 
*' neceflary for the ordinary purpofe to be /pared 
*^ for that objedt. 

" Having Ipecified the principal defedls of the 
** feveral methods hitherto propofed for making fea 
** water frefli, it will be proper before ftating the 
•* advantages of Dodtor Irving*s method, to con- 
" fider briefly the principles of diftiUation in gene- 
** neral, and the chemical analyfis of fea water. 

" Water, in an exhaufted receiver, rifes in va- 
•^pour more copioufly at 180^ of Fahrenheit's 
•* thermometer, than in the open air at 2 1 2% 
" which may be confidered as its boiling point. 

** It therefore follows, that any compreflion upon 
** boiling fluid checks the vapour in rifing, and 
" confequently diminiffies the quantity of water 
•' obtained. This is clearly exemplified in the 

'' fteam- 
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** fteam-engine, where the confumption of water 
^ in the boiler is very inconfiderable, in compa- 
•* riibn to what would happen if the compreflion 
** ariiing from the throat-pipe ^pd valve of that 
^ machine was taken off, and the preffure of the 
^ atmo(phere only admitted. But by the reftraint 
** of that valve, the vapour becomes hotter, and 
** increafes in rarity and elafticity j qualities effen- 
*^ tial to the purpofes of the engine, although the 
*' reverfe of thofe which ought to take place in 
** common diftillation. For the columns of vapour 
** fhould be removed frofn the boiling fluid as faft as 
" they afcend, without fuflering any other refiflance 
^* than that of the atmofphere, which, in the or- 
" dhiary bufmefe of diftillation, cannot be prevented. 

" The impropriety of thq common procefs of 
*^ diftillation, will appear evident by comparing it 
** with the above principles and fadls. 

^ In the common method of diftillation, the 
** whole column of vapour from a ftill of whatever 
** fize, after afcending to the ftill-head, muft not 
** only find its paflage through a pipe of fcarce an 
" inch and half diameter ; but defcend contrary to 
** its fpecific gravity through air which is fifteen 
'' times its weight, in fpiral convolutions: a courfe 
" fo extremely ill adapted to the progrefs of an 
** elaftic vapour, that frequently the ftill-head is 
" blown off with incredible violence, owing to the 
CL3 " increafed 
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" increafed heat and elafticityof the vapour confined 
** by this conftrudion. In the mean time, the cx- 
*' ternal furface of the pipe communicates heat to 
** the water in contadl with it, which, inflead of 
" being entirely carried off, mixes with the fur- 
" rounding fluid, and heats the whole, rendering 
** it unfit for condenfing the vapour within ; efpe- 
*** cially when it is confidered that the fubftance of 
•' the pipe is at leaft a quarter of an inch thick. 

** From what has bfecn faid, it is plain, that the 
" quantity of diftilled water will be leflened in pro- 
** portion to the refiftance made to the afcent of the 
** vapour, while the difficulty of condenfatiop will 
" be greatly augmented, in confequence of the in- 
"creafed heat and clafticity of the vapour. But 
** thefe difadvantages, however great, relpedting 
*^ the mode of diftillation, give rife to another evil 
^^ of a ftill more important nature, as affedling the 
** diftilled fluid with a no^cious l^urn/ tafte or onfy- 
** rewna ; occafioned by the vapour, highly heated, 
** pafling over (b m^ch furface of metal, viz. the 
*' ftill-hea^, crane-neck, and a pipe of fix or feven 
** feet in length, before it reaches the water in the 
" worqi tub, 

^* Having difcufled the fubjedt of diftillation, we 

" come now to treat of the chemical analyfi? of fea 

•^ water. 

*♦ Sea-water, 
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^ Sea- water contains chiefly a neutral fait, com- 
** pofed of foflil alcali and marine acid. It likewifc 
^^ contains a {alt which has magnefia for its bafis, 
** and the fame acid, Thpfe two falts are blended 
" together in our common fait in England, which 
^*.is prepared by quick boiling down tea water. 
** But whe;i the proqefs is carried on by the fun, or 
** a flow heat, they may be colle^dted feparately.i 
** that whiph has the foffil alcali for its bafis cryftal- 
^ lizing firft ; and this is of a vaftly fuperior quality 
" for preferving meat, and for the other culinary 
" purpofes. The .mother liqiior now .remaining, 
" being evaporated, affords a vitriolic magnefia fait, 
** which in England is manufaftured in large quan- 
." titles, under the name of Epfoni fait. ; 

" Befides thefe falts, which are objeAs of trade, 
" fea-water contains a fdenitic ialt, a little true 
*^ Glauber's fait, often a little nitre, and. always a 
** quantity of gypfeous earth iulpended by means of 
** fixed air. 

'* The fpecific gravity of (ea-water to that of 
^' pure diftilled water, is at the Nore as looo to 
" ioa4>6i in the North fea as 1000 to 1Q285O2. 

" The quantity of fait obtained by boiling fe^- 

" water in different latitudes, from ^1° 30' to 

80°, 43 N. L. is inferted in a table in the former part 

of this Appendix. 

0^4 ** Sea water, 
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" 3ea-water, when bqiled down to ^ ftrpng bane, 
^ admits with difficulty thf feparatioapf f^plhwijitef 
^^ from it } the diftillation becoming 0ower a$ the 
** firength of the brine increafes, fo that a jgre^ter 
^^ quantity of fuel isconfunied in procuring a fmaller 
portion d( water, and this likewife of a bad qy^r 
lity. From thi^ cflential circumftance arifes ^hc 
neceility qf letting out the brine by t;he cqck qf 
the boiler, when the diftillation is advanced tp a 
^' certain d^ree ; and of adding more (ea-water to 
** continue the prpcefe if required. 

** The defedts of the feveral fchemes formerly 
** propofcd for rendering fea- water frefli beiqg poiptr 
" cd out, the general principles of diftillation C3^t 
" plained, and the component parts of fea-water 
^' analytically examined ; the advant^^ of the 
^^ method ipvent^d by Do£tor Irving remaij? to be 
" ftated, which may be i edqced to the fqllowing : 

" I. The abolilbing all ftiUs, ftill b?a4P, worm 
** pipes, and their tubs, which occupy fo much 
** fpace as to render them totally incompatible with 
^' the neccflary bufinefs of the ftiip ^ and ufing in 
^* the room of thefe, the ftiip's kettle or boiler, to 
*^ the top whereof may occafionally be applied a 
*• fimple tube, which can be eafily made on bo^rd 
** a veflel at fea, of iron plate, ftove funnel, or tiQ 
•* ftieet ; fo that no fituation can prevent a ftiip from 
*« being completely fupplied with the means of 
^* diftilling fea-water. 

" 2. In 
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^^ Z. Ih confequence of the principles of diftilla- 
^ tion beiqg fully ^afcertiuned, the contrivance of 
^ the iimpleft means of obtilining tbegreateft quan- 
^* iiity of diftiUed water, by making the tube fuffi- 
^oiently large, to risceive the whole column 
** of vapour ; and placing it nearly in a horizontal 
^ diredlion to prevent any compreffion of the fluid, 
** which takes place fo much with the common 
^* worm. 

^' 3. The adopting Ae fimpleft and moft cfiica- 
f ^ cious means o( condenfing vapour ; for nothing 
^' more is required ta the diftillation but keeping the 
^* furface of the tube always wet ; which is done 
^' by having fovM ^-water i^t hand, and a perfon 
^^ to dip a mopcMT fwab into this water, and pafe tt 
^ ^\q^ the upper furface of the tube. By this 
** operati<m the vapour contained in the tube will be 
^* entirely conden/ed with the greateft rapidity ima- 
^^ glnaUe ; for by the appUoatlon of the wet mop 
•* thin Iheets of water are uniformly fpread, and 
^^ mechanically prefled upon the furface of the hot 
" tube ; which being converted into vapour, make 
" way for a fucccffion of frefti ftieets ; and thus 
^' both by the evapcn'ation apd clofe contadt of the 
** cold water conf^amly repeated, the heat is carried 
•^ off more efFcdually than by any other method 
^* yet known. 

" 4. The carrying on the diftillation without any 
*' addition, a corre<5l jrbemical analyfis of fea wi^- 
" tcr having evinced the futility of mixing ingrc- 

*' diens 
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« dients with it, either tq prevent an gcid from 
'** rifmg with the vapour, or to deftroy anybitu- 
** minous oil fuppofed to exift in fea water, and to 
** contaminatisi the diftillcd water^ giving it that 
" fiery unpalatable taft^e infeparable from the former 
** proceffes. 

** 5. The. afcertaining the proper quantity of 
^ fea water that ought to be diftilled, whereby the 
"frefli water is prevented from contracting a 
^ noxious impi;€g&ation of metallic felts, an4 the 
•* veflcl from being corroded and other wife damaged 
^^ by the falts caking on the bottom of it. 

■f 6. The prodjicing a quantity of fweet and 
f* wholefome water, perfectly agreeable to the taftc, 
^' and fufficient for all thie purpofes of (hipping- 

" 7. The taking advantage of the dreffing the 
** (hip's provifions, fo as to diftil a very confiderable 
>** quantity of water from the vapour which would 
" othcrwife be loft, without any addition of fuel. ' 

** To fum up the merits pf this method in a frw 
.^^ words: 

« The ufe of a firaple tube, of the moft eafy 

" conftrudion, applicable to any (hip's kettle. The 

:" rejeding all ingredients. Afcjertaining the pro^ 

" portion of water to be diftilled, with every ad- 

" vantage of quality, faving of fuel, and preferva- 

>'tionof boilers. The obtaining- frefh water, 

>* wholefome, palatable, andiniiifficient quantities. 

" Taking 
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^^ Taking advantage of the vapour which aicends in 
^^ the kettle while the ihips provifions are boiling. 

^^ All thefe advantages are obtained by the above- 
^^ mentioned fiimple addition to the common fliip*s 
, ** kettles.. But Doiftor Irving piropofesto introduce 
" two further improvements^ , 

^- The firftis a hearth, or ftove, Co conilru&ed, 
"that the fire which is kept up the whole day for 
** the common bufmefs of the fhip, ferv^Jikewife 
*^ for diftillation ; whereby a fiifHcient quantity of 
/^^aterfor all thecedpDoinicalrpurpdfef of the (hip 
,^^may be obtained, : with a very inconfiderable adr 
-•* dition to the* expence of fuel. 

, ^ The other- improvement is t|iat of flibftituting, 
.^'evcn in the larigeft (hips, caft-iron boilers, of a 
^[^ new conftrudllon, in the place of coppers.'* 



Directions 



fto« A P P E N D I X. 



Directions. for Distilling Sea- Water. 

^^ As jfbon as fta-^ater is put into the boUer^ the 
^tabe is to :be fitted cither into the top or lid, 
^^ round which, if neceffiu^, a bit of w^ linen may 
^ be applied, to make it fit clofe to the mouth of* 
^^ die vefle] (..there, .will be no. occafion for Juting, 
^^as die tube aiSts like a funnel in carrying xxff>the 
^vapour. . » 

. - . •• ^ 

> When die ^ater beginirtDboil, the vapour 

-^ihouid be allowed to psis; freely for a i7umit#, 

" which will efFeftually clean the ttdje and u|>per 

^ part of the boiler. The tube is afterwards to be 

.^ kepit dahflandy wet, by paffing a mop or ^ab, 

:^^ 'dipped in .fira-water^ dong its upper iur&ce. 

•• The w^e wattt running from the mop, i»ey be 

^ carried off by means of a board, made like a 

^* Ipout, and placed beneath the tube. 

** The diftillation may be continued till three 

*^ fourths of the water be drawn oflfj and no further, 

" This may be afcertained either by a gauge-rod put 

** into the boiler, or by meafuring the water diftilled. 

," The brioe is then to be let out. 

** Water may be diftilled in the fame manner 
" while the provifions are boiling. 

« When 
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^ When the tube is made on fhore, the beft 
<^ fubftance for the purpofe is thin copper well 
^^ tinned, this being more durable in long voyages 
^ than tin plates, 

^^Inftead of mopping^ the tube^ if reqatrad^ 
- ^ may have a cafe made alio of copper^ (6 nmch 
^^ larget in diameter as to adiait a thin (hcct oF 
^* water to circulate between them, by means of a 
^^ fphral copper thready with a pipe of an inch dia-r 
^^ meter at each end of the cafe ^ the lower for 
<^ reo»vii^ cold water, and the upper for carrying 
<^ it off when heated. 

^< When only a very final! pcMrdon of room can be 
<< conveniently allowed for diftillacion^ the machine, 
^^ which is only twenty-feven inches bng, may be 
^^ fubfiituted, as was done m this voyogei The 
^ principal intention of this machine, however, i^ 
<^ to diftil rum and other liquors v for which purpofe 
^^ it has been employed with extraordinary fucceis, 
^^ in preventing zaemfyreuma^ C9 fiery tafte/' 
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AcCouNi* of the Astronomical Observations^ 
and Time-Keepers, by Mr. Lyons. 

** 'TpHE obfervations for finding the time atfea, 
*' JL were taken with a brafs Hadley's Sextant* 
^ of eighteen inches radius, made by .Dollond ; * 
*' and (bmedmes by Captain Pbipps, with a imaller * 
" of four inches radius, made by Ramfden, which* 
** commonly agreed with the other within a mi- ' 
" nute. The. error of the fextant was generally ' 
*' found by obfcrving the diameter of the Sun;' 
•* which if the fame as double the (emidiameter 
** fet down, in the Nautical Almanac, (hewed that 
** the inftrument was perfedtly adjufted ; if it dif- 
** fercd, the difference was the error of the fextant. ' 
^* It was neceflary to know this error of adjuftment' 
" very exactly, aiKi therefore I generally, repeated ' 
"the obfervation of the Sun's diameter feveral* 
" times, and from the n>ean of the refult fobnd 
** the error of the fextant. This error will equally 
" affedt all the obfervations taken near the fame 
•* time, and therefore cannot be difcovcred from 
•' the comparifbn of feveral obfervations. Under 
" the equator, an error of one minute in altitude, 
** near the prime vertical, willonly produce an er- 
" ror of four feconds in the apparent time ; but in 
^^ the latitude of eighty degrees it will caufe an 
" error of twenty-three feconds. As we generally 

" took 
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** took feveralTucceffive obfervations, .any error in 
*^ the obfervation itfclf will be generally indepen- 
^^ dent of the reft ; and. as I have calculated each 
^^ i^parately, the conclufions will (hew which are 
** erroneous, by their differing miKb from the 
'\inean of all, which cannot but be very near the- 
** truth. 

** In calculating there obfervations, I found by 
^^ the logboard how much we had altered our la- 
*^ titude fince the laft obfervation ; and fometimes, 
*' when we had an obfervation the noon following 
** the obfervation for the time, the latitude of the . 
*' fhip at the time the altitudes were taken was in- 
*' ferred from it. As moft of our altitudes were . 
** obferved when the fun was near the prime ver- 
** tical, a fmall error in the latitude will not pro- 
" duce any confidcrable change in the time ; in- 
" deed, if it is exa6tly in the prime vertical, rt 
" will not make any change at all. 

*^ To find the Longitude from thefe obfervati- 
" ons: to the apparent time found by calculation, 
** apply the equation of time according to its fign, 
" which will give the mean time ; the difference 
" between which and that marked by ' the watch, 
" will (hew. how much it is too flow or too faft for 



". mean time. . 



" Captain 
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«« Captain PhippfiTs pocket watcby rmdt by Mr. 
«^ Arnold^ whra (Hxnpared with the regulktor at 
•^ Grceftwichy May z6th^ was twcMy^-foui: feconds 
^^ loo flow^ it was there found to Ibk twelve ib-^ 
^' cdndfr and a quarter a day on i¥ieatx tinfe Ffdih 
•• this it is ea(^ 16 find wh^t tVrtie it 16 dt Gi*€teh«ridh 
** at any moment (hewn by the watch. 

*' The watch was compared every day about 
** noon with the two time-keepers made by Meff. 
•^ Arnold and Kendal y and from this comparifon^ 
**and their ratejf of* going previoufly fettled at 
" Greenwich, together with khowirig how muth 
** they differed from rtiean time af Greenwich be- 
*^ fore we kt out, was calculated the tabic which 
*^ fhews what the mean time is at Greenwich ac- 
*^ cording to each time-keeper, when the watch is 
" at twelve hours. 

« By the help of this table, we may eifily find 
«' the longitude of the (hip, afe deduced from the 
*' going of each time-keeper. Having found how 
*' much the watch is too fall ot too flow for mean 
** time at the fhip, Mt know what the tnean time 
** is at the flaip when the watch is at twelvie hours; 
** and by the table we can find^ what is the mean 
« time at Greenwich at the ftoic dmc, fuppofing 
" each time-keeper had kept the fame rate of go- 
** ing as it had before our departure : the difference 
•* of thefe mean times will give the longitude of the 
" fhip. «< For 
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*^ For example, June 19th, in the afternoon, 
** th^ y/S^}x w^^ i' 24" to© flow for mean time ^ 
** the place whiere* we obCerveci ^ therefore, whea 
^ t})p watch n;ie\y3 twelve kaur$, the mean time 
^^ fit this plape was 1 g^ 4' 424.'^ At this time I find 
*^ by th^ tab)e, thac according to Kendal's time- 
^ koepief, the mi^^ tiioe at <#rQenwaich was 1 2h 
^2' 7": ffom this fubrraftiog i2*> i' 24", ch<; 
^ mean tinie at the (hip, the remainder, o' 43" is 
^^ the differciaeje of meridiana ; which, converted 
'' into parts of a degree, gives 0° 10' 45" fi>rthc 
'^ longitude fdfilie tk\p accordiag to Keodai, which 
*' is to die Weftwar4, beeaufe the measi time at 
^ the «fbip is le& tiian that at Greeowkh. 

^ When wye wier« on (Ijore^ tj|e ob&rvaticmd 
^ were imde with aia Aftrooomical Qjgadr^at, di^ 
** vided by Mr/ Raniftlen, of eighteen inch^ ra- 
^ diQs, wiack was plseced on e foiid rckrk of ^nar^ 
^^^ bk ; due error of die lioe of collimation was 
^ found by invcr^ting tlie <iuddrai>t, which wasad- 
** jufted by a fpirit level. TUe weather ,did not 
* pciwftit us to take c;arre^r>d^ag ahitudes of ihe 
^* &m^ jfe thait w« deteripaned -tlie apparent ti»i« 
^by computation from akitiid'cs of tlx SLii>'5lirab; 
^ faflviiag before fettlt4 the i|i^utude of the place 
** of,<?bfervaUQn/ from meridian altitudes of the 
•* Sun'clinDbst^kenwith the fj^ijne iiitrument. 

K **Thc 
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** The Latitudes of the (hip were determined 
*' moft commonly by the meridian altitude of the 
** Sun's lower limb ; in a few inftances, by that of 
** his upper limb, when the lower was not fo di- 
" ftindl, or was hid by clouds. The height of the 
" eye above the level of the fea, in all thefe obfer- 
•" vations, was fixteen feet. When we could not 
" get a meridian obfervation, we made ufe of the 
" method defcribed in the Nautical Almanac for 
** 1 771, from two altitudes taken about noon, and 
" at a little diftance from it. 

*' It (bmetimes happens that we can only take 
' " fome altitudes very near the time of noon. If 
** we have obferved any altitudes of the Sun near 
" the prime vertical, we may thence determine 
^ how much the watch is too faft or too flow for 
, ** apparent time ; and confequently, how much the 
*• time when the altitudes were taken, is diftant 
•* from noon; it therefore remains to find how 
** much thefe altitudes are different from the me- 
" ridian altitude. This may eafily be found by 
" the following Rule : 

*' To the logarithm of the rifing, taken out of the 
" tables in the Nautical Almanac for 177 1, add the 
** complement arithmetical of the logarithmic co- 
" fine of the fuppofed meridian altitude ; from the 
*' fum (the index being increafed by five) fubtradl 
•* the logarithm ratio (found by the rules in the 
" abovementioned Ephemeris) the remainder is the 
" logarithmic fine of the change in altitude. 

"EXAMPLE 
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*' There were two time keepers fent out for trial 
** by the Board of Longitude ; one made by Mr. 
*' Kendal after Mr. Harrifon's principles; the other, 
•• by Mr. Arnold : this laft was fufpended in gim- 
•* mals, but Mr. Kendal's was laid between two 
*^ culhions which quite filled up the box. They 
** were both kept in boxes fcrewed down to the 
•* (helves of the cabin, and had each three locks; 
** the key of one of which was kept by the cap- 
** tain, of another by the firft lieutenant, and of 
*• the third by myfelf ; they were wound up each 
" day foon after noon, and compared with each 
*' other and with Captain Phipps's watch. They 
** flopped twice in the voyage, owing to. their being 
•• run down ; they were fet a-going again, and as 
" they had been daily compared together, it was 
" eafy to know how long each had flopped, from 
'' the others that wcre^flill going; this time is al- 
" k)wed for in the table of the mean time at Green- 
•' wich by each time-keeper, 

** When we were on (bore at the ifland where 
** we obferved July 15th, we found how much the 
** watch was too flow for mean time. When we re- 
** turned from the ice to Smeerenberg, and again 
" compared the watch with tlie mean time, allow- 
*' ing the lame difference of longitude between the 
*' ifland and Smeerenberg, we found that it went 
" very nearly at the fame rate, as it did when tried 
** at Greenwich : fo that its rate of going was nearly 
** the fame in our run from England to the ifland, 

*' from 
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** from thence to the ice and back again to Smeeren- 
** berg, and in our voyage from thence to England, as 
" we found on our return. By this means we were in- 
** duced to give the preference to the watch, and 
**to conclude that the longitude found by it was 
•' not very different from the truth. 

" The principles on which this watch is con- 
** ftruded, as I am informed by the maker, Mr. 
" Arnold, are thefe : the balance is unconnefted 
" with the wheel-work, except at the time it re- 
** ceivies the impulfe to make ijt continue its mo- 
** tion, which is only while it vibrates 10° out of 
" 380% which is the whole vibration; and during 
^ this fmall interval it has little or no fridion, but 
" what is on the pivots, which work in ruby holes 
^^ on diamonds : it has but one pallet, which is a 
*' plane furfacc formed out of a ruby, and has no 
," oil on it. 

** Watches of this conftrudion go whilft they 
" are wound qp i they keep the lame rate of going 
" in every pofition, and are not affected by the dif- 
•* ferent forces of the fpring : the compenfation 
" for heat and cold is abfolutely adjuftable. 

" Time-keepers of this fize are more convenient 
" than larger, on fcveral accounts ; they are equally 
" portable with a pocket watch, and by being kept 
" nearly in the fame degree of heat, fuffer very 
" little or no change from the viciffitudes of the 
*' weather. 

R 4 "This 
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** This watch was exceedingly lifefttl td ^1 in 
*• our obfervfttions oh land^ as the other tihle-keep- 
^ ers cduld not fafety be moved : and indeed, in 
•* the prefent voyage^ where they wete on trials it 
^ was contrary to the intent for which thty w^ftl 
*^ put on board, and might have been attended 
^ with accidents by which the rate of ^heir going 
** might have been greatly affeftcd. 

" The longitudes by Mr. Arnold's larger tim^- 
" keeper are very different from thofe by the 
*' watch m oar voyage back from Spitfbergen to 
^* England ; owing, probably, to the baferice-fpring 
" bting rufted, as we found when it was opened at 
** the Royal Obfervatory at Greenwich-, on our 
•' return. 

** The longitudes found by the Moon are dei. 
*' duced from diftances of the Moon from the Sun's 
** limbs, or from Stats, taken with iht feXtttat; 
** whilft the altitudes of the Moon and SttA*, or 
" Star, vi'ere taken by two other obfcrVers. 

** hi one inftance (June 26th) the obferva'tions 

** were ^11 made by Captiaii^ Phipps with the finall 

" fcxtant fucceffivcly ; and the altitude of the 

*' Moon and Sun at the very inftant the diftances 

** were obferved, are deduced from tlie changes 

*' in ihefe altitudes during the interval of obfetva- 

« tion. 

'' I have 
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^ I ha?t calculated the longitude from each fet 
^of obfervatitx)s feptrately, to (hew how ttcar 
'^ they agree with each cther^ and what degree 
** of pf eciiioii one may ezpedt in fimilar cafes. 

^^ Obiervations of the diftances of the Moon and 
** Sun, or Stars, may be ufefiil to inform us if the 
*' time-keepers have fufFered any confiderable 
^^ change in their rate of going. For if the longi- 
** tude deduced from the moon differs above two 
^^ degrees from that found ^y the watches, it is 
** reafonable to imagine, that .this difference is 
^^ owing to ibme fauk in the watch, as the longi* 
^^ tude found by lunar obfervations can hardly vary 
^ this qu^Atiiy from the truth : but if the difier- 
*^ tnce is much kfs, as about half a degree, it is 
^^ more pfobabk that the watch is right^ fioce a 
^ fmall errcHT in the diftance will produce this dif- 
** ference. 

** The diftancesdf the Moon (retet Jupker were 
'* obferved, becaufe Jupiter is « vwy bright obje£t ; 
<< and the oMervations are eafier and lefs fallacious, 
•* partTcalarly that ef the altitude, than thofe of 
" a fixed liar, whofe light is much fainter. This 
•* method, however, requires a different form of 
" calctthrtion, from thatof theoWerved diftanceof 
** the Moon from a fixed liar, whofe diftaiTKres are 
** computed for every three hours, in the Nautical 

Almanac. The principal difficuly in the calcu- 
•^ larion is to find the Mooft*s loagJtude from the ob- 

** fervation 
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** fervation of the diftance. This I have endeavour- 
** ed to facilitate by the following problem, which 
^ may be applied to any zodiacal flar, and will be of 
" life when the ftar fet down in the Ephemeris 
** cannot be obferved. 

"PROBLEM. 

** Having given the diftance of two objcfts near 
** ecliptic, with their latitudes, to find their dif- 
" ference of longitude. 

« S O L U T I O N. 

" Find an arc A, whofe logarithmic fine is the 
*' film of the logarithms of the fines of the 
^^ two latitudes and the logarithmic tangent of 
** half the diftance, rcjeding twenty from the in- 
** dex of the fum. 

** Find an arc B, whofe Ic^arithmic fine is the 
*• fum of the logarithmic verfed fine of the difFer- 
*^ ence of latitude, and the logarithmic cotangent 
** of the diftance, rejedting ten from the index of 
** the fum. 

*' Then A added to the obferved diftance, and 
" B fubtradted from the fum, leaves the difference 
*' of longitude. 

** If one of the latitudes is South, and the other 
" North, the fum of the two arcs A and B fub- 
" tradled from the diftance, leaves the difference 
** of longitude. 

• . ^* EXAMPLE. 
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A Table (hewing what the Mean Time 


1 is at 


Green- 1 


wich, by each Time-keeper, 


when the Pocket- 1 


Watch made by Arnold 


lis at 12' 








Da? of the 
Month. 


Arnold. 


Kendal 


• 


Watch. 1 




h i It 


k 1 


// 


k 


/ n 


JOBC 2 


12 38 


u 59 


56 


12 


I 49 


3 


12 I 1 


12 


14 


12 


i a 
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12 I 16 


12 


^5 


12 


2 IS 
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12 I 36 


12 


4S 


12 


Z 27 


12 I 50 


iz 


SS 


12 


a 39 
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12 2 6 


12 1 


10 


12 


2 S' 
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12 2 8 


12 I 


10 
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3 4 
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12 I $0 
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53 
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3 16 


lO 


12 2 3 


12 1 
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12 


3 a8 


II 


12 2 11 
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3 40 


. «» 


12 2 16 
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3 53 


«3 


12 2 4 
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28 
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4 S 
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t2 2 10 
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38 


12 


4 «7 
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12 2 16 
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4 a9 


16 


12 1 59 


12 I 


3S 
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4 4» 
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12 2 6 
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4 54 


*8 


12 2 5 
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6 20 
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11 59 5* 
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6 4f 
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6 57 


x8 
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7 3> 
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It I 


7 


12 


7 46 
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10 
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3 


II 58 20 


12 I 


21 


12 


8 10 
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12 I 


3« 


12 


8 23 


5 


11 58 2 


12 I 


39 


12 


8 35 
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II 57 50 


12 1 


47 


12 


8 47 


[ z 


II 57 42 


12 ' I 


59 


12 • 


8 59 


r » 1 ji 57 26 


12 2 


10 


12 


12 
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A Table fliewins what the Mean Time is at Green*| 


wich, by each Timc-keepc 


!r, when the Pocket*! 


Watch made by Arnold is at iz^. 






Day. of the 
Month. 


Arnold 


Kendal. 


Wttcb. 1 




h / II 
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/ II 


11 


/ // 


July 9 


II S7 «o 


It 


2 2S 
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9 a4 


lO 
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2 33 


IS 


9 36 
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2 44 
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10 25 


:i 
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12 


a 34 


* ♦ 

IS 


»7 


I « 55 S 
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3 i« 
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4 38 
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12 40 
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5 »6 
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•1 50 34 
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28 


«« 49 59 




5 48 
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13 17 
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•I 49 31 




6 1.2 
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13 29 
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It 48 57 




6 40 
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13 4a 


3' 


. II 48 9 
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6 sa 


IS 


•3 54 


Aug. I 


II 47 *4 




7 *> 
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II 46 34 




7 12 


It 
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II 45 50 
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A I'able ihcwing what the Mean Time is at Green- 




wich, by each Time-keeper, when the Pocket 




Watch made by Arnold is at i2\ 




Day of the 


Aroold. 


Keodal. 


Watch. 




Month. 






- 






h / 1: 


h ' Ii 


h t • II 




Aug. 20 


i« 47 7 


12 6 52 


12 18 p 




21 


II 45 23 


12 6 58 


12 18 12 




22 


i» 43 34 


12 6 47 


12 18 24 




23 
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12 18 36 
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16 


10 39 3^ 


12 II 4 


12 23 3, 




17 


«o 35 59 


12 . II 31 


12 23 43 




18 


10.31 53 


12 II 47 


12 23 56 




»9 


10 27 II 


12 II 52 


12 24 8 




20 


10 23 


12 12 15 


12 24 20 




21 


10 18 38 


12 12 40 


12 24 32 




23 


10 8 54 


12 13 39 


12 24 57 
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